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d'Ophthalmoscopie/' The author has carefully revised these works, 
both in the original and in the translation for this edition ; and so 
extensive have been these revisions, and so much new matter has 
been added, that it is, in many important particulars, a new book, 
and may be considered as representing as nearly as possible the 
status of the subject of which it treats at the time of its publication. 
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EXAMINATION OF THE EYES. 



LECTURE I. 



INTRODUCTION. 

Gentlemen : — I have hardly need to call your attention to the 
importance of the visual apparatus, when viewed from the atand- 
poini of phyaiology. In this department of medical science it has 
always occupied a high place. You will more fully understand 
the extent and importance of the role it haa played in our science 
when yoo call to mind that all the tiBSoea of the body are repre- 
sented in the eye and its accessories. 

We ought, therefore, to find in these parts all the pathological 
alterations which are liable to occur in the various tissues of the 
body. And ao we do find, not only a large number of general 
diseases, but many affections of other particular organs as well, 
reflected, in one way or another, in the eye. 

The facility with which the visual organ can be examined 
enables us, frequently, to discern the manifestations of a morbid 
condition which would soon affect organs aa yet intact, or which 
are only affected in a degree not at the time appreciable. 

A few instances will make my meaning clearer : — 

The anatomical richness, so to speak, of the visual apparatus is 
apparent at a glance. 

We have, in the first place, the oaaeous tissue represented in 
the orbital walls. The connective tissue abounds in ail its various 
forms ; as cellular adipose tissue, forming a bed for the eye to rest 
in ; as elastic tissue in the sclerotic and the sheaths of the optic 
nerve ; again, in a homogeneous form in the membrane of Dea- 
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cemet, the hyaloid membrane, the limiting membranes of the retina, 
the internal layer of the choroid, etc.; and yet further, in a form 
special to the eye it constitutes the cornea ; nor should we forget 
that the vitreous humor is derived from the same blasto-dermic 
membrane. 

The epithelium is neither less abundant nor less various in its 
forms. As the pavement variety it covers the anterior and 
posterior surfaces of the cornea and the iris, and the anterior 
capsule of the lens. It is scarcely necessary to mention cartilage, 
and muscular tissue of both the striated and non-striated variety. 

Again, the nervous tissue is distributed to the eye in very 
great profusion. In classifying the organs of the body, we must 
assign the eye a first rank when we consider that, of the twelve 
cranial nerves, four are designed especially for it, and two others 
send branches to it. Six pairs of nerves, therefore, are required 
in its service : the optic (second pair), the motor oculi communis 
(third pair), the patheticus (fourth pair), the abducens (sixth pair), 
the trigeminus (fifth pair), and the facial (seventh pair), not count- 
ing the numerous filaments of the sympathetic. 

Moreover, these nerves appear under all possible forms, as 
fibres, cells, ganglions and retinal tissue — that wonderful terminal 
expansion of the optic nerve. 

How many dilBferent diseases can affect all these divers tissues I 
cannot now undertake to enumerate. It will suffice to call your 
attention to some of the general affections in which the eye may 
take part. 

In scrofula, {or example, you know that one of the most frequent 
external signs of the diathesis is a swelling of the lids, accom- 
panied with redness and ulceration. But aside from this ble- 
pharitis — which has nothing of a special character, and resembles 
the other cutaneous manifestations of scrofula — ^we find, very fre- 
quently, in these subjects, other affections of the eyes, some of 
which are noticeable only on account of their frequent occurrence 
in the diseasei while others have, beside this, a specific significance. 
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Among the first, we mention conjunctival and corneal phlyc-' 
tenuliB, and among the latter interstitial keratitia. It ia a matter 
of no small importance to know, for example, whether the ulcera- 
tions of the cornea which we find so frequently in children of a lym- 
phatic temperament require, in addition to the treatment of their 
general condition, a carefully carried out local treatment, in lack 
of which irreparable damage is liable to be done. Ton have seen 
many of these caaea of leucoma of the cornea in the clinics, 
which, when once they are formed, constitute an incurable defect. 

Other affections attack, by preference, the fundus of the eye, 
where we can readily discern their presence. The anemias, what- 
ever be their cause, are readily detected by the ophthalmoscope, 
in the decoloration of the optic papilla. While in Ziirich, I 
saw a peculiar form of anemia which Profeasor Biermer has called 
pernicious, and which is characterized by the presence of multiple 
retinal hemorrhages. 

It is to our learned teacher and friend, Professor Horner, who 
has done so much in applying the facts furnished by ophthal- 
mology to general medicine, that we are indebted for the discovery 
of the ophthalmoscopic appearances of this affection. 

Tuberculosis can, in certain cases, even when its presence can- 
not be demonstrated in the lungs, be diagnosed from the presence 
of tubercles in the choroid. I have often seen cases where the 
ordinary medical examination left the diagnosis uncertain between 
a meningitis and a typhoid fever, or other disease. When the 
ophthalmoscope had revealed to me tubercles in the choroid, there 
could be no longer a doubt that we had to do with a tubercular 
meningitis. 

Even rachitis, which attacks only the osseous system, has its 
manifestation in the eye under the form of zonular cataract. 

It is syphilis, however, which makes its appearance in the eye 
under the most various and most characteristic forms. We have 
it as iritis, gummata of the iris, retinitis S3'philitica simplex, and 
neuro-retinitis accompanying gumnny tumora of the e 
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We have also that form of keratitis called parenchymatouSf 
which is so rebellious to treatment, as a product of the hereditary 
form of the disease. 

While speaking of gummata of the iris it would be well to call 
your attention to another disease which produces tumors analo- 
gous in appearance, and yet of a nature entirely different. I 
allude to a special form of ImeoBmia in which we find, at the same 
time, an hypertrophy of the cervical ganglions and the parotid 
gland, keratitis punctata and yellow tumors of the iris. These 
tumors leave no trace of their existence after absorption, while 
the gummata destroy aU the tissue of the iris in which they have 
their seat, with the exception of the posterior pigmented layer. 

But of all the organs whose diseases are liable to affect the eye 
we must place the hrain and spinal cord first. 

You are aware that the diseases of the cerebral nervous system 
often produce in the organ of vision troubles which are either 
purely functional, or accompanied with lesions objectively appre- 
ciable. 

Among the first class we cite, as the most important, paralysis 
of the ocular muscles, either extrinsic or intrinsic, as the sphincter 
of the iris and masde of accommodation. 

We frequently find strabismus, irregularity of the pupil and 
other symptoms accompanying a number of affections of the brain 
and its meninges. The same may be said of those perturbations 
which the peripheric or central portions of the retina present, as 
regards acuteness of vision and the perception of colors. Restric- 
tion of the field of vision, scotomata, and hemiopia in particular, 
are all symptoms which have great diagnostic value, in so far as 
they often assist us in specifying the lesion present in the brain, or 
in localizing its seat. 

Encephalic affections are also liable, as we have said, to bring 
about changes in the fundus of the eye that can be examined by 
the ophthalmoscope. 

The inflammation of a meningitis^ for example, may be propa- 



IHTRODUCTION. 



13 



gated directly along the optic nerve to the retina, and sometimes 
even to the vitreous humor. 

Tumors, which increase the intra-cranial preaaure and that of 
the Bub-arachnoidal apace, cause, through the inter-vagina! space 
of the optic nerve, a stasis of the veins of the retina, aeroua and 
hemorrhagic exudations ia that membrane, engorgement of the 
optic nerve, with strangulation of the papilla with its consequences 
(choked disc). 

In a less degree the increase of the intra-cranial pressure may 
manifest itself by a hypersemia of the papilla, bo that the papilla 
becomes, in a measure, a page on which we may read the varia- 
tions which the intra-cranial pressure undergoes. 

There are, furthermore, certain diseases of the heart which are 
manifested through a pulsation of the centra! vessels of the retina. 
Briffkt's disease has often been recognized through a retinitis of a 
special form when the existence of albuminuria had not yet been 
demonstrated. 

Then, too, there are parasites to be found in the organ of 
vision, whoso presence, when revealed by the ophthalmoscope, 
establishes often the nature of an affection previously undetermined, 
and of which they are the direct cause. 

It would be easy to multiply examples. These are diabetic 
cataract and retinitis, the dyschromatopsia of jaundice, etc. ; but 
the instances we have cited are sufficient to show the importance 
of a knowledge of the elements of ophthalmology, particulai"ly 
that portion of it which treats of the examination of the eyes, and 
the service it may render even to those among you who will leave 
to specialists the treatment of ocular affections. 

We think we are warranted in saying that as external objects 
are pictured upon the interior of the eye, the eye, in its turn, 
becomes a mirror, as it were, from which is reflected what is going 
on in the interior of the body. 

But if ophthalmology has become, within the last twenty-five 
years, an exact science, it is not alone on account of the interest 
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it haa aaivtnaBj excitecl, bnt more partjcnlarly because we 1 
been enabled to subject the eye to tJie moat thorough and accurate 
examination as regards its tissues and functions. 

I remember that, at the banning of my medical studies, one 
of those impatient spirits of young Russia said to roe, " We moat 
not deceive ourselves. Me<licine does not merit the name of 
science, it is pure empiricism." 

These words made a deep impression upon me, because they had 
a tendency to dampen the enthusiasm with which my new studies 
had inspired me. 

Afterward, when I came to frequent the clini<s, I will not say 
that I fully realized the truth of the remark of my friend, but I 
must say that the manner in which medicine was yet studied did 
not leave it entirely without a foundation in fact. And in 
glancing hack over the history of our art we see that purrfy 
empirical medicine is not yet ao antiquated. 

What is it, then, that has given a soul to the dead body of 
empiricism ? To what shall we attribute the impulse which has 
ended in the creation of scientific medicine ? To this, that medi- 
cine has been willing to profit by the teachings of chemistry and 
physics. It is chemical analysis, histological analysis, percussion, 
aiBCultation, thermometry, the use of such instruments as the 
spirometer, the sphygmograph and the microscope, and the appli- 
cation to clinical investigation of the various methods and instru- 
ments of chemical and physical science that, placing medical 
study on a scientific basis, has remodeled it as an art. 

But you may aak, what is the essential advantage of all these 
means of examination ? It is this, that we are thus enabled to 
express exactly, in figures and by curves and diagrams, the 
forms and functions of the various organs of the body. 

As a proof of this tendency of modern mediail thought, I will 
instance the fact that it was a physician who established the law 
of the convertibility of forces and the indestructibility of matter — 
the two principles at tlie bottom of all actual science. 
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We can to-day not only estimate with great exactness tlie 
value of an aliment, the heat and worlt which it can furnish, but 
we know how to utilize these facts according to the need of the 
organism, just as we determine the quantity of combustible mate- 
rial required by a machine to furnish a given amount of force. 

The examination of the urine has become, thanks to chemical 
analysis, one of the most scientific raeans of diagnosis. 

We can now determine exactly the position, relations and 
dimensions of many organs of the body about which we had, in 
former years, but the most indistinct ideas. 

We now determine the variations in the temperature of the 
body, not in a general way, as formerly, but up to the fraction of 
a degree. The characters of the pulse are no longer judged by 
the sense of touch, more or less delicate, of each individual prac- 
titioner, but they are recorded in their most minute details. 

These methods, and many others that could be mentioned, have 
given medicine an honorable and legitimate position among the 
sciences, because they substitute for simple approximations or 
guesses the most certain methods of examination, and for the 
variability of individual sensations the inflexibility of figures. 

Now, no other organ in the body is so well adapted for the 
application of the exact sciences as the eye. This is why the 
study of the function of the eye, though begun only within a very 
recent period, has become the most highly developed department 
of physiology. And for the same reason the treatment of eye 
diseases, based as it usually is upon a certain diagnosis, aided by 
the accessible position of the organ, is the most efficacious in the 
whole range of therapeutics. 

It is the diagnostic part of ophtlalmology with which we shall 
occupy ourselves in this course of lectures, that is, we shall study 
the means and methods of examining the forms, functions and 
diseases of the apparatus of vision. 

The science of the examination of the eye in a healthy and 
diseased condition — the metTology of the eye, as we call it — is of 
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very recent date. It is not more than thirty years since we were 
content to establish the fact whether the pati^it could see or not. 

In the latter event two grand classes were distinguished — amau- 
rosis and amblyopia — ^which were differentiated thus : in ambly- 
opia the patient saw nothing, but the physician saw something ; 
in amaurosis neither the physician nor the patient saw anything. 

Under the name amblyopia were grouped all those visual 
troubles produced by lesions appreciable by the naked eye, such 
as leucomata of the cornea, occlusion of the pupil, etc. On the 
other hand, all those troubles which had their seat in the interior 
erf the eye, such as retinitis, choroiditis, atrophy of the optic nerve, 
etc., were classed under the head of amaurosis. 

The opinions respecting refraction and accommodation that were 
held in those days seem almost incredible to us now. The action 
of the dioptric media of the eye was for physicists themselves the 
subject of most curious conjecture, while the physician was greatly 
perplexed by questions which to us are the most simple, such, for 
instance, as relate to the use of spectacles. Who can tell how 
many of the incurable cases of myopia which we see even now are 
due to the improper use of these most useful instruments ? 

The ideas prevalent regarding the movements of the eyes were 
not more advanced. An evidence of which is the lamentable results 
of so many of the old operations for strabismus. How many of 
the afflicted are we now able to relieve, who would formerly, for 
the want of proper means of diagnosis, have been abandoned to 
their fate ? 

It is to an Englishman, Thomas Young, a man of exceptional 
learning and intelligence, that we are indebted for the first 
important work in the line of examination of the organ of vision. 
But his views were so &r in advance of his time (he lived at the 
end of the last and the beginning of the present century) that 
they found neither comprehension nor acceptance at the hands of 
his contemporaries. 

It was reserved for Helmholtz to rediscover the works of this 
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Engliah savant, Biit it was this great genius himself who, by 
his own labore, really founded scientific ophthalmology, the 
department of metrology in particular. With his ophthalmometer 
he laid the foundation of phyaiologiciJ optics, with his ophthalmo- 
scope that of medical optics. 

Availing himself of these newly-discovered facta, Londera, the 
renowned physiologist of Utrecht, was enabled to expose, with a 
clearness and precision without parallel, the laws governing 
refraction and accommodation, and to apply them to the demands 
of practice. It is only since the publication of his claaaical work 
on the " Anomalies of Refraction and Accommodation " that we 
have had any clear ideas respecting myopia, hypermetropia, 
astigmatism and presbyopia, and have been able to correct, in a 
rational manner, the different formis of ametropia, and thus give 
to a large class of patients a means by which they could pursue 
their work with satisfaction and comfort. It would be a gross 
injustice, however, to pass over the names of those who have 
extended the work begun by Londers — Javal, MacGillavry, 
Giraud-Teulon, Knapp, Nagel, Maathner, Green, Loriug, Couper, 
Dyer, Thomson, and many others. 

During this time the ophthalmoscope, introduced into practice 
specially by the school of Grafe and by Jager, underwent a aeries 
of modifications, all tending to enhance its value. Doaders 
applied it to the measurement of objects at the fundus of the eye. 
Giraud-Teulon gave relief to the ophthalmoscopic image by 
adapting it to binocular vision, while Sichel and others rendered 
an examination possible by several persons at the same time. A 
number of other names belong to successive modifications and 
applications of the instrument. 

I have myself treated of the enlargement of the ophthalmoscopic 
image, and of the correct appreciation of the size of the objects 
observed. 

Snellen furnished, in his test-types, the first scientific method 
for the determination of the acuteneaa of vision. He has also 
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enriched metrology with numerous instruments for measuring 
exophthalmus, strabismus, intra-ocular tension, etc. His metro- 
scope has had its use extended beyond the limits of ophthalmology 
into the domain of geometry. 

Our own diphmeter^ which is most useful in measuring the 
different parts of the eye, such as the size of the pupil, the 
reflections from the different refracting surfaces, etc., irrespective 
of the movements of the globe, has also found applications outside 
of ophthalmological science. 

Since the centre of rotation of the eye has been determined by 
Donders, J. J. Miiller and others, the ocular movements have 
been worked out in a very exact manner by Hering, von Grafe, 
Javal and others. 

Aubert and Foerster have brought forward methods for the 
more exact determination of the perception of light and the limits 
of the field of vision. After some Russian physicians, Reich and 
Uschakoff, I have myself, by means of my perimeter j examined 
into the functions of the peripheric portion of the retina, the results 
of which have been applied with great advantage in the practice 
of general medicine. 

Aubert has also contributed largely to our knowledge of the 
physiology of the retina, and more recently Hering has advanced 
a most ingenious theory on the perception of light, and of colors 
in particular. 

The examination of the perception of colors has added much to 
ocular symptomatology, thanks to the researches of Dalton, Clerk- 
Maxwell, Leber, Stilling and others. You will see at some of 
our future meetings what means we have for examining this 
delicate function, and also the service the knowledge thus gained 
has rendered to general medicine. 

Thus, a small but valiant army of ophthalmologists labor, 
without ceasing, to increase and perfect the means of examining 
the visual apparatus, in order to be able to treat most successfully 
ite diseases and those of the organism in general. 
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We ahall see further on that a new step has been taken which 
had its origin in ophthalmology, bub whose advantages extend 
throughout the entire field of optics. I allude to the recent intro- 
duction of the metric system into ophthalmology. 

The temptatioa is very great to treat the subject we have 
chosen in a strictly scientific manner, for in this, in fact, consists 
ita great charm and value. Bat there is another manner of 
Gonaidering it which is at the same time attractive, and which 
will conform more strictly to the objects you have in view. We 
shall therefore leave to physiologists the task of working out those 
prohlema which are purely scientific, and only occupy ouraelvoa 
with those which are indispensable to our daily practice. 

Those who desire to enter more profoundly into the subject will 
find the questions fully treated of in the chapter on Metrology 
which we have published in conjunction with Snellen (Handbuch 
derffesammt. Augenheilk., B. Ill), and even more extended in the 
work we are at present publishing in connection with Wecker 
(Train Oomplet d' Ophthahnologie, J'aria, 1878), 

We divide the subjects we shall treat of in this course of 
lectures as follows : Ist. The objective general inspection of the 
eye; 2d. Examinationof the lids, conjunctiva, lachrymal passages, 
and all the other portions of the organ accessible to the naked 
eye; 3d. Determinationof the distance between the two eyes, their 
height and protrusion ; 4th. The movements of the eyes, particu- 
larly in their relation to strabismua ; 5th. Intra-ocular tension ; 
6th. Acuteness of vision; 7th. Hefraction and accommodation; 
8th. Perception of colors ; 9th. Limits of the visual field and 
indirect vision ; 10th. Ophtnalmoscopy, including the examination 
of the dioptric media by means of the oblique light. 

Of none of these things should a physician of to-day be in 
ignorance. You should not leave them to the study of the 
specialists if you would bring to your work as general prac- 
titioners all the resources of modern diagnosis. 
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LECTURE II. 



EXAMINATION OF THE EXTERIOR OF THE EYE 



Gentlemen : — In the examination of the eyes, as in the exami- 
nation of any other portion of the hody, we should follow some 
systematic method. This is absolutely necessary if we woi 
overlook nothing and attain our ends with certainty. 

We shall divide our examinations into objective and sv^jectvi 
the firat having for its object to make us acquainted with the eye 
in a state of functional inactivity, the second to determine the 
condition of the function of v^ion. 

The objective examination should begin with a general inspecdt 
of the patient at a distance, io which we note all that we are a1 
to observe as to his general appearance, and, in particular, 
appearance of hia eyes, as, for example, their poaitioo, etc. 

Afterward, we examine all the parts of the visual apparati 
which are accessible to the naked eye ; the )ida, lachrymal passaf 
conjunctiva, the form and size of the globe, the cornea, sclerot 
iris, crystalline lens, and anterior portion of the vitreous humon 
The examination is completed by the determination of the oci 
tension. 

In the svijeetive examination, the various functions of the e] 
are passed in review, such as movements, refraction and accommo-' 
dation, acuteness of vision, perception of colors, limits of the Si^i 
of vision, the periphery of the retina, etc. 

Finally, the examination with the ophthalmcecope and 
oblique light will show us the condition of the interior of the e; 
and the dioptric media, and also give us definite ideas regai 
the refraction. 
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Oplithalmoacopy will form a part of the objective examination ; 
but thia always dazzlea the eye to a greater or \eaB degree, and 
renders the functional examination afterward somewhat leas 
satisfactory. Moreover, the ophthalmoacopic examination requires 
a dark room, and it is better to make, at first, all those examina- 
tions that are possible by daylight. Moreover, the facts gained 
by subjective examination are very useful in interpreting the 
ophthalmoscopic appearances. These are sufficient reasons for 
reserving the ophthalmoscope for the end of our examination. 

First, then, of the objective examination of the patient. 

The first thing to which we should direct our attention is the 
general conditioa of the individual under examination. The eye 
ia not a part of the body separate and distinct from the other 
parts, any more than ophthalmology ia a branch isolated from the 
other divisions of medical science. 

When you have to do with an affection of the eye it is, therefore, 
advisable not to begin with an examination of that organ, but to 
first take a glance at the general aspect of the patient. 

Such a rapid general inspection will frequently furnish us with 
a clue to an ocular affection, the caiise or origin of which would 
otherwise have escaped our notice. It will give us greater security 
in the diagnosis, more aaaurance in the presence of the patient, 
and more certainty in the direction of our treatment. 

For example, the form, of the cranium ia often in direct 
relation to the conformation of the eye. Now, the form of the 
eye is that which influences moat largely its refractive condition; 
you can therefore judge, with a greater or less degree of certainty, 
of the state of the refraction by the shape of the head. 

It is known that hypermetropia depends, in the majority of 
cases, on a want of development of the eye in length, while 
myopia, on the contrary, is due to an elongation of the eye in its 
longitudinal axis. In other words, long eyes are generally myopic, 
while ahort eyes are, on the other hand, mostly hypermetropic. 

Thia difference is frequently pronounced in the appearance of 
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r the featares of the patient. A flat or " H ish " face, especially if 
' the flatoe33 affects the region of the zygomatic arches, is nearly 
always an infallible indication of hypermetropia. 

Myopia ia indica&ed by characters of the opposite kind. 

In Switzerland, where myopia, hereditary or aoqaired, ia very 
freqoent, I have foand two types of oonfonnatioa of the craninm 
in connection with this state of re&action : — 

In the first, the craaiam is elongated in its antero-posterior 
diameter; the £*ce is narrow from side to side, while the nose and 
the middle portion run prominently forward, the eyes protrude 
almost entirdy out of their sockets, and their anterior portions 
stand almost er^i with the bridge of the nose. In conseqaenoe of 
this, tbs palpebral f^rtore ia esc^sirely large. I have seen, for 
instance, in a myopic yoang wonun, the movements of the eyes 
mach r^tricted by the pitpebral apertare, so great was the 
IHvjet^oD of the globe. She had already had done for her the 
operation of bl^haio-phimosis. While in this first form the fore- 
head ia retreating, in the myopes of the second cat^ory it is 
strai^t and Inxiad. The tuberoaities are strongly developed, the 
nose flat. The eyes aze sonken in a deep orbital cavity, protected 
by prominent brows. 

A lack of gyaimanf in the faee, one half being flatter than the 
other, woold lead ns to sospect attUom^ropia, a condition ia iriucb 
one eye is mythic and the other hypermetropic. 

All Ibnns of ofymmetrtf of Ou cranium can canae attiyw ali iwi , 
that irregolanty of the dioptric apparatus in which the d 
of the coroea of the same eye have different curvatores. 

For example, we find, sometimea, &oes in which the n 
instead of mnning vertically makes a kind ctf lateral conre ; tlw 
line wUch joins the middle of && forehead with that of the diin 
ia thrown to one side, and no longer colnddes with ibe rartkal 
oorrespooding to the bridge of ihe noes. This form of asymnetiy 
is e^)ecially manifested by a lateral cnrvatore of the n 

This is the result of one ade of the &oe being m(H« i 
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than the other. The frontal taberositiea, the zygomatic arches, 
the raaxillEe, are much more prominent on one side than on the 
other. 

Individuals with such a conformation of features are, nearly 
without exception, astigmatic, and very frequently anisometropic ; 
the refraction is then the stronger on the side which is the more 
fully developed, this eye generally being myopic, or at least 
emmetropic, while the other eye is, aa a rule, hypermetropic. 

There is another circumstance which is also worthy of atten- 
tion : certain individuals have — it may he congenitally, or in 
consequence of an accident or disease, such as syphilis — a sinking 
of the root of the nose. This predisposes to catarrh of the 
lachrymal passages. Now, in these persons the nasal duct is 
usually very narrow and irregular in its course. It is well to 
bear this fact in mind, because the sound, which is the basis of 
all treatment of catarrh of the lachrymal sac, is inserted, on 
account of this irregularity, with great difficulty, and a very 
serious obstacle is thus thrown in the way of the management of 
these cases. This general appearance of the features of the 
patient will, therefore, furnish us with very important indications 
as to the direction in which the sound shall be introduced. If, 
for example, the osseous parts corresponding to the lachrymal sac 
take part in the depression at the root cf the nose, or if, aside 
from any pathological condition, the superior portion of the orbit 
ia very prominent, yon should give the sound a strong curve, and 
in inserting it press not only in the vertical direction, but make 
the free extremity sweep toward the upper edge of the orbit, and 
finally direct the lower extremity toward the front. 

I mention this point incidentally here because you will find it 
of great utility in practice. 

When the patient speaks to you do not neglect to take a glance 
at the teeth. Yon know that Hutakmson'a teeth, wedge-shaped, 
with notched edges, indicate, nearly without an exception, the 
existence of hereditary syphilis. On the other hand, indented 
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teeth, striated horizontally, are soggestive of racliitiB, which is 
frequently accompanied by zonular cataract. 

If it is important to observe the formation of the cranium in 
oar patients^ the exaTwinatum of the skin is not less useful. 

Certain cutaneous diseases, pitjnriasis and eczema, for example, 
can affect the lids as well as other portions of the body. We 
treat them in the same way, but more carefully and with greater 
solicitude, because of the pernicious effects which they are liable 
to produce in such a delicate part ; the swelling of the lids is of 
itself suflScient to interfere with vision, but consider the serious 
troubles which a faulty direction of the lashes, due to a long- 
continued inflammation of the edges of the lids, can bring about. 

Other affections of the skin, not directly implicating the lids, 
furnish no less important indications for a diagnosis of ocular 
troubles. 

If you find, for instance, on a patient, traces of a syphilitic 
eruption, and at the same time diagnose an iritis, you know 
positively that the iritis is of a specific character, and demands, 
aside from the ordinary local treatment (atropine and exclusion of 
light) an appropriate general treatment. 

Neither should you forget that there is a connection, frequently, 
between diseases of the choroid and those of the skin, as has been 
pointed out by Horner. 

An eruption, or cicatrices of an herpetic nature, characterized 
by their unilateral position, and corresponding to the distribution 
of a nerve, will frequently lead us to the recognition of an herpetic 
keratitis, which is often confounded with simple phlyctenular 
keratitis. These two affections of great similarity in appearance 
are readily distinguished the one from the other by this, that the 
former, aside from its limited distribution, is accompanied by 
anaesthesia of the cornea, and is exceedingly rebellious to treat- 
ment; the second, on the contrary, recedes rapidly under the 
insufflation of calomel. Moreover, there is frequently found in 
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the first of these affectioas a dimiBution of the intra-ocular 
tension, which ia absent in the second. 

You will be able to recognize, by the peculiar hue of the skin, 
that form of chronic iritis which frequently accompanies leuctemia, 
and the special danger of which is the production of punctated 
deposits on the membrane of Descemet and yellowish tumors on 
the iris. In this connection you will remember what I said 
about this form of disease in the first lecture. 

From these examples you will see how important it is to take a 
general survey of the patient, and how often it gives us a clue to 
diseases afiecting the eyes. Whoever neglects to avail himself of 
these helps voluntarily deprives himself of one of the elements of 
an accurate diagnosis. 

Afterward you will proceed to a special examination of the eyes. 

And here, again, you should begin with a general inspection. 
You should first look at the two eyes at the same time, comparing 
the one with the other. Many grave lesions are liable to escape 
the notice of those who neglect this comparison and limit their 
examination to the eye which appears afiacted, or only look at one 
at a time. 

Sometimes a alight divergence of one eye, or an inequality in 
the dilatation of the two pupils, is sufficient to lead ub into the way 
of a diagnosis of an encephalic affection. 

Tumors of the orbit or brain produce frequently a lateral 
displacement, or an exopbthaJmua not sufficiently pronounced to 
be detected except by a comparative examination of the two eyes, 

A difference in the size of the palpebral opening could not 
•asily escape your notice; but ia all these cases take care to 
determine whether you have to do with a ptosis in one of the eyes 
or an excess of separation of the lids in the other. If it be a 
ptosis on one side the upper lid of that side cannot be elevated to 
its fullest extent, while that of the other eye will enjoy the full 
measure of its movements ; in the case of extreme separation of 
the lids the eye will not be able to close itself completely, but, 
3 
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the cornea concealing itself inToluntarily under the upper 
directed upward. 

This phenomenon is most marked in the cases where the upper 
lid is retracted by cicatricial bands. We can otherwise make it 
manifest only by holding the upper hd up for some time; than, 
when the orbicnlaria muscle contracts we see the eye roll 
upward in search of the lid. 

Never neglect to make an examination of the lachrymal sae. 
For thia purpose you must press lightly on it from below upward ; 
you will then see, if there he catarrh of the sac, a liquid, more or 
leas purulent, issue from the lachrymal punctum. It frequently 
happens that ulcers of the cornea persist for an indefinite length 
of time, from no other cause than the long-continued contact of 
this irritating matter, of the presence of which we had not before 
a suspicion. This affection of the lachrymal passages has even a 
gi-eater importance when we have under consideration an operation 
on the eye. It influences very materially the healing process. 

Next comes the examination of the edgea of the lids. I shall 
not say anything further in regard to blepharitis ciliaris, in 
addition to what I have already said. But I would call your 
attention to the position of the lashes, which it Is of the greatest 
importance to esamine. How many patients do we see affected 
with iritis, keratitis, and other still more serious inflammations, 
and for which they have undergone all sorts of treatment, where 
a displaced eyelash has been the whole cause of the irritation. 
Never, therefore, neglect this part of the examination. 

We pass on now to the conjunctiva. We are too often satisfied 
to simply give a glance at the conjunctiva which covers the globe 
or the inner surface of the lower Hd. This is not sufficient, 
because the most important part to examine is the conjunctiva of 
the upper lid, and especially the upper cul-de-sac. It is there, 
and frequently nowhere else, that we find granulations which keep 
up a persistent conj unctiviiis, which will be rebellious to treatment 
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80 long aa we do not discover the source of the trouble and attack 
the granulations themselves. 

The inferior cul-de-sac, or retro-taraal fold, is q^uite acceBsible ; 
we have only to apply the tip of the finger to the edge of the lid, 
and then cause the patient to look upward while we pull the finger 
downward. This everts the lid and brings out the cul-de-sac. 

For the upper lid we employ a similar proceeding, but there ia 
greater difficulty in everting it, on account of the breadth and 
resistance of the tarsal cartilage. The patient should look down- 
ward while you seize gently, with the thumb and index finger, the 
edge of the lid ; with the other hand you apply some resisting 
body, as the point of a pencil, or even the end of the finger above 
the cartilage, and make a rotating movement with the other hand 
around this body as a centre. The internal surface of the Hd 
being brought to view in this manner, you can expose it still 
further by drawing the edge yet higher and pressing it against 
the edge of the orbit. 

It is astonishing what we sometimes find hidden away under the 
upper lid. It is not only the seat, by preference, of granulations 
of the conjunctiva, but also of foreign bodies of all kinds. A 
grain of sand, a bit of coal, whenever they fly into the eye, nearly 
always seek refuge here, and it frequently happens that these 
small bodies, remaining concealed in the retro-farsal fold for 
months and even years, occasion an obstinate and painful conjunc- 
tivitis, which leads fi"equently to papillary hypertrophy of the 
mucous tissue. Would you believe that I have found in three 
difierent cases "eye-stones" which the patients had introduced 
under the upper lids in order to drive out a grain of sand ?* 
And what is still more astonishing than the remedy, is that these 
gentlemen lived quietly for years with a purulent conjunctivitis 
which almost completely disabled them from work, and which was 
due entirely to the bodies in question, encased in the hypertrophied 

* Tt is tlie cuEtom in some portions of tlia United Stales Co introduce, for this 
puriMMe, > flax Beed into the eje.—Tr. 
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papillae. I have scarcely need to say that, in all these cases, a 
removal of the cause sufficed to effect a cure. 

We now proceed to an examination of the eyes proper ^ and we 
should first observe their general aspect. 

We should direct our attention successively to the distance 
between the two eyes^ and to the difference in the height of the eyes ; 
afterward to the degree of their prominence — exophthalmus^ and 
finally to the direction of the visual lines. 

The distance between the two eyes does not offer, in general, 
differences appreciable at first sight, and yet it is a question 
worthy of our attention. 

As an evidence of this I need only call attention to the part 
which this distance plays in the act of convergence. You know 
that in reading, near work, and the close examination of objects, 
we must make a convergence of the eyes. Now, you will easily 
understand that in fixing an object placed at a given distance, the 
more widely the eyes Are separated the greater must be the effort 
at convergence. Thus, for different eyes fixing at the same dis- 
tance, the angle of convergence can vary more than ten degrees. 
You can readily conceive that this increase of work, even if it 
amount to only a few degrees, may end in an exhaustion of the 
internal recti muscles, which, during the whole of life, have to 
produce this convergence. 

For my part, I am thoroughly convinced that the insufficiency 
of the internal recti, which is such a frequent cause of the 
asthenopia of myopes, is due in many cases to an excess of the 
distance between the eyes. 

This important question has hitherto been almost entirely over- 
looked, with the exception of some researches made by Mannhardt 
and Pfliiger. It is a question which deserves a thorough study, 
for we will find in it many new and instructive facts, and an 
explanation of some other facts already known, but whose signifi- 
cance has been heretofore falsely interpreted. 

The principal difficulty in the study of the subject consists in 
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the absence of an exact method for meaauring the distaoco 
between the eyes. It is, indeed, almost a matter of impossibihtj 
to measure this distance with a graduated rule, because, what point 
shall we take to measure from? The centre of the pupil? In 
the first place, the pupil is not in the centre of the anterior part 
of the globe, but a little to the inner side. And further, the 
centre of the pupil can only be determined approximately, which 
would give chances of error. 

Should we take, as proposed by Horner, the edges of the cornea, 
the external of one side, the internal of the other ? This method 
is no more exact than the preceding, because the edges of the 
cornea are frequently very unequal, and it is difficult to find the 
corresponding points on the same horizontal diameter. 

These methods have, moreover, a very serious defect in this, 
that we cannot apply the graduated rule to the points the distance 
between which we desire to measure, the bridge of the nose 
opposing a very considerable obstacle. 

In the last place, and this is an essential point, you should not 
forget that the distance which separates the corresponding points 
of the two eyes (centres of the pupils or edges of the cornea) only 
represents the distance between the eyes in a single condition, and 
that is when the eyes are directed in lines parallel to estch other. 
If we measure this distance in a condition of convergence it is 
too small ; if in a state of divergence it is too great. 

Now, it is impossible for any one who has not specially prac- 
ticed to that end, to give his eyes a direction absolutely parallel. 
There always remains a greater or less degree of convergence, and 
the surgeon has no means of judging whether the eyes of his 
patient are parallel or not. 

And the still further disadvantage of this method is that it 
cannot bo apphed to the eyes of those affected with strabismus, 
the very eyes iu which it is moat important to know the inter- 
ocular distance. It is evident that these individuals never bring 
their eyes to a state of paralleliam. 
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The employment of the graduated rule is justifiable only in 
those cases where we desire a simple approximative measurement, 
as wheu we want to determine the distance which should separate 
the glasses of spectacles. 

And even for these cases I would advise you to employ my 
douNe rule, of which we shall speak further on, or to proceed in 
the following manner : — 

Place yourself in front of the patient, and cause him to fix an 
object in the distance. This will g^ve his eyes an easentially 
pandlel direction. 

Then apply your graduated rule over the nose of the patient, 
and dousing the right eye, sight, with the left eye over the point 
ra,^ketd lero on the rrile, to the centre of the pupil of the ri^t 
eye of the patient Afterwai^, dosing your 1^ eye and caning 
ycur rights you read off on the rule the point which is <^po8ite 
the v>entr>e of the pupil of the patient s left eye. It is, of coorse, 
xirivierstcod that you should, during the eTaminatinn, make no 
mover.^er*t of your own head. 

Ir^ this manner you avoid almost entirely any paraDax ; but the 
::^ethM is not applicaible to strabismic eyes, and moieovery I do 
i5C»t propose it to you as perfectly exact. 

Fiiwu^y, it is not the inter-pupillary distance with vliicii we are 
coricemoi What is it we reaiHy want ? To prtjperiy apffinedate 
the work of the inten^al and external recti muscles in the different 
iocrees of ocaavergenoe, We should, thereforft, addrasB ooradves 
to the only parts of the eyes which i>emain fixed dsring their 
m. vements. The?e fixed points are tie oeiiti« of pcyttttkn. 

For TOoasuring the di^tAnoe* which ^leparates the oentreB of 
r:^rAtiv*c. I hare deri^\i the following apparatus : — 

It is a lox (Fig. 1"^ having the form of a reciangle, of sufficient 
ieT.cxh, one ejjv^ o: which has twc^ hoJe? ^r r ') for the eyw and a 
S^r^r^^ss2or. for recoivinir ihe nose. 

rl^oh vi: the two ope:nings is proriaed with a short tube in 
whi.-i t.: T»ia-?e the eye^ and ihey oar he sepaiately cbaei by a 
m.^vahk' sil35e frocm the insid<w 
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A vertical plate divides the box into two parts ; it is situated 
exactly in the middle of the distance separating the further 
extremity of the box and the line uuiting the centres of rotation 
of the eyes. 




The further extremity of the box is closed by two plates, which 
can be moved separately in a lateral direction. In each of these 
is a vertical alit (i' and i), A similar slit (c) is made in the 
middle of the central diaphragm. A cover encloses the whole. 

To measure the distance between the two eyes we apply them 
to the anterior extremity of the box, each one looking through its 
appropriate opening. By means of the slide on the interior, one 
of the openings, for example, the one corresponding to the left 
eye, ia closed, and the right eye alone looks into the box. This 
eye can see nothing ao long as the sUt in the middle and the slit 
on the left at the other end do not correspond with the visual 
axis of that eye. We can bring this about, however, by a suitable 
movement of the left movable plate at the further end of the box. 

We proceed in a similar manner with the other eye. 

Ton can easily understand that the distance (i' i) between the 
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two movable alits so placed will represent the distance (o o') which'n 
separates the two eyea, since the distances are bases of two equal I 
triangles (Fig. 2). 

It ia eaay, however, by using the same principles, to arrive at I 
Fio. a. ^^^ ^.me result in another manner. Take, for j 

instance, a rectangular plate with a needle fixed ' 
in its centre, and at one of its extremities two 
movable needles; the eyes placed at the other 
extremity sight, one after the other, by the cen- 
tral fixed needle, at the needles beyond, moving 
the latt«r until they are covered by the central 
one. 

Thinking that it is easier for our patients to 
mark definitely the moment when they perceive 
a light, I usually employ the first form of appa- 
ratus. To this apparatus I have given the name 
ehiasmometer, because it is based upon the cross- 
ing of the visaal lines. 

To obtain greater exactness in this method we 

can place in the central slit a fine thread or hair, 

which should appear exactly in the centre of the 

illuminated apace when the central slit coiacides 

with one of the slits at the further end. 

The great advantage of this method is that it requires neither 
a paralleUsm of the two eyes nor a simultaneous fixing of the 
same point. This enables it to be applied even to strabismic 
eyes, and to caaes where there is an inaufficieacy of the muscles. 

We will now consider the methods for measuring the displace- 
ments which the eye may suffer, either in height or in an antero- 
posterior direction. These displacements are due most frequently 
to tumors growing in the orbital cavity ; there are also encephalic 
tumors which may give rise to them. It is these displacements 
of the eye which furnish the moat precise indications as to the 
growth or decrease of the tumor. It ia, therefore, not sufficient to 
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demonstrate the existence of a diaplacement, but it is necessary to 
measure its degree, in order to fully appreciate the changes it 
may undergo. 

It is generally easy to recognize differences in the height of the 
two eyes. It usually eufQcea to let the patient hold the head 
perfectly erect, when, in moving the eyes, the affected one will 
appear to be restricted in its movements in the direction opposite 
to that of the displacement; a tumor on the lower wall of the 
orbit will restrict the downward movenaenta and displace the eye 
upward. 

In order to approximate the degree of displacement we hold on 
a level with the pupil of the unaffected eye a rule perfectly 
horizontal, and estimate the number of millimeters which the 
pupil of the other eye is displaced above or below this level ; if we 
want to be more accurate we hold another rule perpendicular to 
the first, on which we measure the extent of displacement 



In those cases where the vertical displacement is so slight as to 
escape our notice there is a subjective symptom which will not 
fail to furnish evidence of its existence, and that is diplopia. 

Diplopia ia called forth whenever there exists the least difference 
in the height of the two eyes, and it is so much the more 
troublesome because the double images can be united, if at all, 
only with the greatest difficulty. In the horizontal direction a 
strong contraction of one of the recti, or a alight rotation of the 
head, suffices to reestablish single vision ; here it is not so, and it 
ia frequently the diplopia alone which brings the patient to the 
surgeon. 

In such a case it should be determined whether the diplopia ia 
due to a total displacement of the eye, or whether it is a 
consequence of an incomplete muscular paralysia. I say incom- 
plete, because the deviation which follows a complete paralysis 
will never be confounded with a total displacement, and viae versa. 

Let us suppose, for example, that the left eye of a patient 
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t of tite globe, the diplopia will persist 
I point of GzatioQ ; it will diminish, on 
n, and finally cease, at a certain elera- 
ft of tha inferior rectus. 

, the image of the affected eye will ] 
h* otfasr bat drawn toward the other eye and I 
r wrt toward the left side, which would not ha I 
ment of the globe. 
lectores that complex aymptoma, analogous, I 
my other muscular paralyses ; these aymptoma, J 
*te jtotkoaments of the globe. 
I ^^ that a tumor, an exostosis, for instance, nee 
. ^ aye, in one direction only. In the majority of 1 
1 h»vi', independently of the displacement, vertical 
» .|y> 4 protrusion of the eye of a greater or leas degree. 
I of the eye is a symptom yet more important ' 
r forms of displacement. 
t ihe fifft place, a more constant phenomenon, becausa ! 
■ portion of the orbital cavity is the only direction in 1 
^An jlobo can recede before the increase of volume of the I 
illU'rouruUng it- 
Llwl, Mioroforo, protrusion as a principal symptom in abacess,. \ 
in, liyjinroHtoses, tumors, cysticerci of the orbit, etc., and 
I It iiHpnclaUy in Sasedow's disease (exophthalmic goitre). 
\ nrutriwion of the eye, moreover, is of prime interest, on 
Mftt of the pernicious effects which it entails upon the c 
lir portions of the eye. 

n't diMSde, for example, the exophthalmos freqaenthrJ 
|.0 10^ ft dsgree that the lids no longer suffice to covot tliQ* 
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cornea; this latter, then, begins to ulcerate, to dry up, ( 

and the trouble ends frequently in its total destruction and a 

complete loas of vision. 

We can measure the protrusion approximately, by taking, as a 
point of departure, the external edge of the orbit, and determiuing 
the distance which the cornea of each eye extends beyond it. For 
this purpose we employ a graduated rule, which is applied hori- 
zontally against the external wall of the orbit, and observe on the 
rule the point corresponding to the apex of the cornea. 

It is evident that thia method is not very exact, because we are 
not always certain that we sight the cornea at a right angle. 
We can avoid this error by using my double rule. 

Thia small instrument is composed of two rules divided in 
millimeters, fixed parallel to each other at a distance of about one 
centimeter, and in such a manner that the perpendicular lines 
marking the divisions of the rules shall correspond exactly. 
We apply the zero point of thia double rule against the edge of 
the orbit and sight the apes of the cornea across it. If the two 
corresponding divisions on each rule and the apex of the cornea 
are in a line, we are certain that we have sighted at a right angle 
to a line perpendicular to the cornea. 

This method suffices in the majority of cases, and as it measures 
easily with the exactness of one half a millimeter, can replace all 
such instrumenta a a protruaiometers, exophthalraometers, etc., 
which have been invented to measure exophthalmus, and which 
I do not think it necessary to describe. 

There is a condition, however, where thia method cannot be 
applied, via., where the orbit has taken part in the process which 
produces the exophthalmus. The orbit cannot then be taken as a 
point of departure for measurement, and can no longer be com- 
pared with that of the other aide. But there is one point that 
yet remains the same, and that ia the bridge of the nose. 

We can therefore find the diatance the bridge of the nose is in 
advance of the apex of the cornea on each side. This plan of 
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measurement is, however, not so simple as the preceding, because 
we can apply the graduated rule neither on the bridge of the nose 
nor on the cornea ; it is therefore necessary to sight the two points 
at a distance. 

The amount of protrusion gives us no knowledge of the nature 
of the tumor. We endeavor to obtain some idea of this from the 
resistance offered by the globe to the finger in pressing it into the 
orbit. 

For this purpose, we apply the hands to the temples, while 
with the thumbs we make light, but increasing, pressure on the 
two eyes. In this manner we can easily ascertain if the affected 
eye gives way under the pressure as much as the other, or if it 
retains its position in the orbit, or if it eludes the pressure, and in 
what direction. 

Exostoses, tumors of very great consistency, it is evident, do 
not allow of much movement on the part of the globe, while 
serous exudations into the orbital tissue, and even abscesses, are 
quite compressible. 

If the eye gives way always in the same direction under the 
pressure of the finger, we can be pretty certain that there is a 
tumor of considerable consistency on the orbital walls in the 
direction opposite to that in which the eye gives way. 

I will not describe here the instrument of Snellen, by which 
we measure at the same time the protrusion and reducibility of 
the eye. I would refer you for a description of the instrument 
and the manner of using it to our work on Metrology.* The 
sensibility of an educated finger is generally sufficient in practice. 

* Handbuch der Gesammt. Augenheilk., B. iii^ and Wecker et Landolt TTait6 
Complet d'Ophthalmologie, Tom. i. 
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MOVEMENTS OF THE EYES. 

Gentlemen : — Having now determined the position of the 
eyes, we turn our attention, next, to their direction. 

Unfortunately, we have not time to study thoroughly the 
physiology of the movements of the eyes. Some knowledge of 
this subject is, however, essential to a proper understanding of 
the pathological derangements to which they are liable. 

You know that the eye is moved by six voluntary muscles. 

These muscles, taking their origin mostly from a tendinous ring 
around the optic foramen (Fig. 3)j pass over to the globe of the 
eye, some directly, others after reflexion, and become attached to 
the sclerotic, each by a broad, fiat tendon. 

Four of them, which go directly from the optic foramen to the 
globe of the eye, have received the name of recti muscles, and are 
distinguished, according to their positions, as rectus internus, 
rectus extemus, rectus inferior and rectus superior. 

A fifth muscle, the superior oblique, arises, like the foregoing, 
from the optic foramen, but, after passing along the inner and 
euperior wall of the orbit, is reflected through a tendinous ring 
at the superior and anterior inner edge of the orbital cavity, and 
passing backward, is inserted into the upper and outer portion of 
the globe. 

The sixth, the inferior oblique, arises from the anterior and 
inner part of the inferior wall of the orbit ; it passes under the 
globe, toward the temple, and ia inserted into its outer and 
poat-erior part. 

The rectus superior, rectus inferior, rectus internus and the 
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obtiqwui inferior receive their nerroiis supply from the same 
source — the motor oeuii com,m.unit (tbird cr&nul pair); the 
mperior oblique and rectus extemiu each rec^rea a special nerve, 
the former the patheticus (faarth pair), the Iatt«r the a6ducen» 
(sixth p&ir). 

The action of all these moacles U to torn the e^ aroaad a point 




called the centre of rotation, situated on the antero-posterior axia 
of the globe, fourteen millimeters behind the cornea and ten 
millimetera in front of the posterior surface of the sclerotic, in the 
emmetropic eye, and corresponding to the point of intersection of 
the axes of rotation of the muscles of the eye. {See Fig. 3.) 

Frpm their points of insertion it will be readily seen that these 
six muscles form three pairs of antagonistic muscles, each of 
which is composed of two muscles turning the eye around the 
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same axis, but in opposite directions. Thus, the restus internus 
and rectus extemiia turu the giobe inward and outward about a 
vertical asia. 

The axis of rotation of the reetua aupenor and rectus inferior 
(d d Fig, 3) is situated in a horizontal plane ; it ia not, however, 
strictly transversal, bat forma, with the visual axis, an angle of 
about 67 degrees, the nasal extremity being in advance of the 
temporal. On this account these two muscles, apart from their 
principal action in elevating and depressing the cornea, have an 
effect to tarn the eye slightly inward. 

The axis of rotation of the superior and inferior obligue 
(o Fig. 3) is likewise in a horizontal plane, but its direction ia 
much more oblique than the fore^ing, since it makes, with the 
visual axis, an angle of 38 degrees ; its external or temporal ex- 
tremity ia in advance of its inner or nasal. These two muscles, 
therefore, incline the cornea outward, to a considerable degree, 
at the same time that they direct it, the first downward, the second 



In a normal condition these muscles, with the exception of the 
internal and external recti, never act singly, but are associated in 
divers manners for bringing the line of vision into different 
positions. 

Thus, to look directly upward the rectus superior and obliquus 
inferior are united in action ; to look directly downward, on the 
contrary, requires the combined action of the rectus inferior and 
obliquus superior. In this combination the deviation inward which 
would be caused by the recti superior and inferior, when acting 
singly, is counteracted by the opposing action of the ohliqui. Bat, 
even when a single muscle suffices for any direction of the visual 
axis, there will be none the less a simultaneous contraction of all the 
other mueclea, in order to maintain the eye in the position which 
it occupies. This tension of the muscles of the eye ia, moreover, 
permanent, for on section of all the mnacles the globe ia seen to 
advance several millimeters. In all cases every movement of one 
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eye is normally accompaaied by a simultaneoua movement on thfll^ 
part of the other. 

We will complete these preliminary physiological remarks by ' 
adding that ia the investigation of the movements of the eye we 
take, as a normal point of departure, a position of the eyes which 
corresponds to a ininimum of innervation of their muscleB. IB( J 
this position, which is called the primary position, the visualij 
lines are directed straight in front, parallel to each other, and i 
the same horizontal plane. 

It is the office of the muscles of the eye to direct the two eyes toM 
Ike point of fixation in siuih a manner that the image of the objee^ 
fixed shall fall simultaneously on the macula lutea of each eye/J 
or, in other words, to aeawre single vision with the two eyes. 

All departures from this rule indicate a derangement in their 1 
function. 

All disturbances, therefore, in the movements of the eyesl 
manifest themselves by the impossiiiility to direct the two eya 
together to the point of fixation. This is manifested, on the part ' 
of the patient, by the impossibility of simph binocular vision, 
with the subjective symptoms of asthenopia and diplopia ; on the 
part of the surgeon by the deviation of the eyes of the patient. 

Whenever, therefore, a patient presents himself having his eyes 
turned from their normal position, that is to say, not directed 
together toward the object fixed, the following questions present 
themselves for solution, and their answers fix the diagnosis : — 

Ist. In what direction is the deviation ? 

2d. Which is the deviating eye ? 

3d. What is the degree of the deviation ? 

4th. To what cause is the deviation due ? 

In order to simplify the study of these questions, and at the ] 
same time to see the full extent of their bearing, let us take an ] 
example. 

A patient comes to you and you fiud that the two eyes do not. I 
fix upon the same point. Toa should first ask yourself. In vliat j 
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direction ia the deyiatioii 1 To take the most common inetance, 
is it an excess of coavergenca or of divergence? It ia an 
excess of convergence when the lines of vision or the visual 
azes cross in front of the point of fixation ; it ia an excess 
of divergence when they crtras behind it. It is easy to determine 
either of these conditions. By causing the patient to fix an object, 
as the tip of the finger, for example, we see immediately whether 
the eyes converge too much or too little. In the example we 
have taken, let us suppose that the visual lines cross in front of 
the object fixed : the strabiamua ia convergent. 

We most now determine which eye it ia that deviates. In other 
worda, an exceaa of convergence being demonstrated, to which eye 
is it due? A variety of cases may present themselves. 

In the first place, the convergence may be produced either by 
a paralysis of the external rectua, or by a spasm of the internal 
rectus ; the latter, however, being extremely rare. 

Or, without a loss of mobility in any of the muscles there may 
exist a disturbance in their relative movements, a condition in 
which both visual axes are never directed to the same point, but 
are always crossed in front of the object, whichever eye ia fixed 
on it. This ia called strabismus ooncoTrhitana. In this case the 
field of excursion of each eye ia not diminished, but only displaced 
a certain number of degrees inwardly or outwardly. 

Finally, strabismus may be only apparent. The centres of the 
cornea which guide our judgment in this matter, or rather the 
corneal axes, may converge or diverge, while the visual lines 
croBS at the point of fixation. This is possible for the following 
reMon ; Even in the normal eye the visual lines do not, as a 
general rule, coincide with the axes of the cornea, but form with 
them an angle which is called the angle a. Ton can readily 
understand that this angle may be larger or smaller in difi'erent 
individuals. 

Allow me, by way of parenthesis, to say a few worda concerning 
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the angle a, of whicli you hear too frequent meatioQ Id ophthal' I 
mology not to have your ideas made definite in regard to it. 

The angle a, aa we have said, ja the angle formed by the ■ 
optical axis and the visual axis (Fig. 4). 
The optical axis, in a dioptric system accurately centred, is the 
Fig. 1 line a a which passes through the optical cen- 

tres of the system, and is perpendicular to its 
surfaces. On the optical axis are situated the 
cardinal pointa, among others the foai, and the 
nodal point which represents the optical centre 
of the system. In the eye this optical centre is 
found in the posterior portion of the crystalline 
lens at k (Fig. 4). 

The visual axis is the line which unites tie 'I 
point fixed ( V) and the macula lutea (m). Thifl , 
line necessarily passes through the nodal point, 
and if the yellow spot were perfectly centred— 
if it were found on the optical axis — the visual 
axis and the optical axis would coincide. All 
ohjects fixed would then be on the optical axis; 
there would be no angle a. But the macula is 
not, as a rule, found on the optical axis ; conse- 
quently this latter only coincides with the visual 
axis at the Bodal point, and forms with it tha , 
angle a, the apex of which is the nodal point. 

In the great majority of cases the yellow spot is situated 1 
the outer side of the optic axis; the anterior extremity of the J 
visual axis is therefore found on the inner side of the optical axis. 
In this case, we give the sign -f to the angle a and call it potitive. 
This eecentricity of the macula may he so great as to produce 
in certain cases an angle a of 7° or even more. This is the case 
particularly in hypermetropia. In emmetropia it is smaller, j 
erally from 3° to 4°. 

Myopia eyes have a smaller angle a, and in high degree of 
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myopia the yellow spot approaehea the optic nerve to such an 
extent that it sometimes passes heyond the optic axis and is 
found on the inner side. la this ease, the anterior extremity of 
the visual axia ia situated to the outer aide of the optic axis, and 
the angle a ia negative ; we give it, then, the negative sign — , 

These facts, worked out by Helmholtz, Knapp, Donders and 
Doijer, and demonstrated hy ail who have occupied themselves 
with ophthalmometry, coincide perfectly with analogous facts which 
I have obaerved in my measurements of the distance between the 
papilla and macula lutea. I have measured the distance in 100 
eyes during life, and have found a mean of 3.9 millimeters for the 
emmetropic eye, a greater distance for the hypermetropic eye, 
and a smaller for the myopic*. M. Dobrowolaky has obtained 
similar results. 

You understand, now, how it is that when the angle a ia 
positive the eyes appear to diverge, while they appear to converge 
in the opposite condition, notwithstanding the perfectly correct 
direction of the visual axis ; the observer guiding himself by the 
centre of the cornea or the pupil through, or near to which, passes 
the optical axis. 

For the determination of the angle a we generally use the 
ophthalmometer, which is admirably adapted for the purpose and 
very exact. But, as the instrument ia not always acceaaible, I 
will describe a method much leas exact but more simple, which we 
owe to Javal. 

The eye to be examined is placed in the centre of a graduated 
arc like that of the perimeter. The eje ia then required to fix a 
point (o) which correaponda to the apex of the arc, while you 
move along the arc a small fla«ie, the reflection of which you 
observe in the cornea. At a certain degree of the arc the reflection 
of the flame will be just in the centre of the cornea. You find 
this point by following the progress of the flame, the eye being 
directly above or beneath it. When this point is found we know 
* Aiinali d'ottolmologia del Fn#f. Quaglino. Milano, 1ST2, I. 
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that the flame is situated on the optical asia, since it ia directly in 
front of the centre of the cornea. 

On the other hand, the visual axis of the eye passes through 
the point o, on which it \a fixed. The eye being in the centre of 
the arc, the degree on which the flame ia found measures the 
angle a. 

A very simple and exact method for determining the angle a, 
and small degrees of atrabiamua, baa been lately published by our 
aaaiatant, Charpentier,* The plan, in brief, is as follows : The 
deviating eye ia placed at the centre of the perimeter. At o, or 
on a line with it, is placed a small flame which the patient must 
accurately fix. The observer now moves along the graduated arc, 
the flame remaining in its place, until he sees, with one eye, the 
reflection of the flame at the apes of the cornea of the deviating 
eye. The angle which is thus formed is double the angle of the 
deviation of the eye. 



I 
I 




In fig, 5, is the deviating eye, which should, in its normal 
position, be directed toward L, but la now directed toward A. 
The angle AoL is the angle of the strabiamus. The eye of ike 
r will see the reflection of the fiame L from the centre of 
" Annul, d'ocul., Jan.-FeT., 1878. 
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the cornea at B, when the ray Lc will be reflected from the cornea 
at an angle equal to the angle of incidence LcA. This last angle 
is almost the same as the angle LoA, which ia the angle of the 
strabismus, and which ia half the angle LeB. 

Let ua now return to our patient. We must first determine 
whether the strabismus is real or apparent. For this purpose we 
simply cover, with our hand, one of the eyes of the patient (or we 
can use with great advantage, for the aame end, a piece of ground 
glass, which, applied close to the eye of the patient, allows the 
Burgeon to follow the movements of that eye, but through which 
the patient is unable to see). We then cause the patient to fix 
attentively the forefinger of the other hand with the uncovered eye. 

Now, while he fixes the finger closely we cover and uncover 
rapidly the other eye. If the eye first covered does not move 
while under the glass, or when the cover is removed, and sees 
the finger fixed, distinctly, the strabismus ia only apparent; it ia 
due to the angle a. Already under the hand or glass, that eye 
was directed to the object fixed by the free eye. We had 
attributed to a deviation of the visual axis that which was due to 
the convergence of the corneal axes. 

In cases such as we have chosen (convergent strabismus), appa- 
rent strabismus will be exceptional, the divergence of the optic 
axes being, as we have seen, much more common than converg- 
ence. In our case, as soon as we remove the hand from the 
covered eye it makes a movement outward, in order to fix the 
finger. This shows that under the hand it had been directed too 
far inward. The strabismus ia, therefore, real, 

Thia fact being eatabiished, we have now to determiQe whether 
we have to do with a paralysis of one of the external recti muscles, 
or with a strc^iamus concomita-ns. 

For this purpose we repeat, successively, on each eye, the 
procedure just detailed ; we ascertain, by this means, whether the 
movement of readjustment is the same for each eye, in which caas 
it will be a atrabiaTmis conoomitana ; or whether the deviation 



46 EXAMINATION OP THE EYES. 

is more pronounced on one side than on the other, as would be 
the case if there were paresis. In the latter instance the side of 
the paresis will be that on which the eye deviates the less under 
the ground glass or hand ; in other words, that which makes the 
least movement of readjustment. 

In our case, for example, the left eye deviates less than the 
right ; it is, therefore, the one that is affected, and we have to do 
with a paresis of the external rectus on the left side. 

This is explained as follows : — 

The affected eye being directed, in a state of rest, too far inward, 
demands a contraction of its external rectus muscle to direct it to 
the object to be fixed. But, in order to produce that contraction, 
this weakened muscle requires an increased nervous impulse, 
which must be the greater in proportion to the degree of its 
paresis. 

Now, the outward movement of one eye is accompanied by an 
inward movement on the part of the other. The contraction of 
the left external rectus being, associated with that of the internal 
rectus on the right side, and as this latter is healthy, it will 
respond by a more powerful contraction. 

Therefore, while the left eye, looking singly, makes an effort in 
an outward direction just sufficient to fix the object, the right is 
directed so strongly inward as to direct the line of vision to the 
inner side of the object fixed ; when the right eye looks singly, as 
it demands for its sound muscle a nervous impulse less intense, 
the left eye will be deviated in a less degree. We can easily 
understand, then, that the deviation, and consequently the 
movement of readjustment, is greater for the healthy than the 
affected eye. 

We are thus enabled to answer the second question : Which is 
the deviating eye ? But our diagnosis will gain much in precision 
if we determine, at the same time, the limits of excursion for each 
eye, or, more properly, the jfeW of fixation. 

For this purpose we cause the patient to follow, with his eyes, 
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our finger, wbich we move to the right, left, upward, downward, 
to the furthest limits at wbich he ia able to aee it. 

We thu8 compare the degree of adduction and abduation wbich 
each eye is capable of, and ascertain whether these movements 
are normal, as they are in the case of strabiamus concomitana, or 
whether they are limited in one direction, as they would be in 
paresis or paralysis. 

This ia a rough meana for determining the limits of the 
movements of the eyes, but more latterly I have been using a 
method in my clinic which enables me to measure, with a 
considerable degree of exactness, the field of fixation for each eye, 
both in healthy and pathological conditions. I put the head of 
the patient at the centre of the bemiaphere represented on the 
walls by tangents (Fig, 8). The divisions are made in a hori- 
zontal and vertical direction, aa well as in two intermediate 
direetiona. I cause the eye under examination to follow an 
object (teat lettera), which measures ita minimum acuteness of 
vision, and which I move along the graduated linea. The patient 
indicates the points where it can no longer be seen distinctly. 
This marks, of course, the limits of excursion for the eye in the 
various directions followed. It is quite necessary to use aa an 
object one of which the patient can distinguish the detaila, and 
not simply a piece of white paper or a flame of a candle, because, 
in order to determine with exactness the limits of raovementa, we 
must take as a basis the liiie of direct vision wbich falla on the 
macula lutea. If we use indirect viaion we are sure to obtain a 
field of fixation larger than exiata in reality. 

The measurement can also be made by means of the perimeter 
and very small printed letters. This plan is especially applicable 
to myopes. The field affixation is recorded on the same diagrama 
as the field of vi»ion (Fig. 24). This method of determina- 
tion is of especial importance when we have to do with the 
operation of strabotoray. By measuring, before the operation, the 
degree of strabismus and the contractile power of the weakened 
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muscle and its antagonist, and by repeating the measoremeiita, 
after the operation, for some days, we can obtain Taloable bints as 
regards the choice of an operative metbod and the amoont of 
effect it is necessary to prodace. 

The mean meaearementB of the field of fizatioo, in a normal 
condition are — 

Oatward, 45°-50°. Invrard, 45°. 

Upward, 35°-40°. Downward, 60°. 

In our case, we see that in making the patient look strongly to 
the right the pupil of the right eye ia half hidden under the 
external angle of the lid, while in looking strongly to the left the 
external edge of the left pupil hardly reaches the outer angle on 
that side. As f ar aa the power of convergence is concerned, it is 
preserved in an equal degree in the two eyee. 

When the eye does not follow the object of fixation in a certain 
direction, but remains motionless, there is evidently a complete 
paraiygia of the muscle which moves it in that direction. If, on 
the contrary, the eye is able to follow it up to a certain point, as 
in the case nnder consideration, the paralysis ia incomplete. 

When the eye arrives at the limit of the excursion which it is 
capable of, we frequently see it affected with oscillatory move- 
ments. This nystagmus is due to the fact that the muscles 
which, in a normal condition, are accessory to the paralyzed 
mnscle endeavor, but without success, to supply its place, It is 
the two obliques, and possibly some isolated fibres of the recti 
inferior and superior, which produce this rotatory movement. 

We are now prepared to study the third question : What is the 
degree of the atrahismiLi ? 

You have seen that just now, in estimating approximately the 
deviation of the eye, I took as the fixed point of comparison the 
commiBBures of the lids. We are accustomed to express the 
strabismus by a linear measure which we note oq the edge of the 
lid. Thus, we speak of a strabismus of 5 millimeters when the 
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point on the lower lid which corresponds, vertically, to the centre 
of the deviating eye is removed 5 millimetera from the point to 
which the centre of the pupil would correspond in a Eormal 
condition. 

You will easily see, however, that this ia a method of measure- 
ment extremely arbitrary. In the first place, what ia more difScult 
than to determine exactly the points on the lid which correspond 
to the first and second poaitiona ? 

Then, again, it ia evident that rotary movements, such as those 
of the eye, should never he expresaad by linear meaaure. When 
we have to do with displacements of the eye in ita totality, we 
may aay, the eye is moved 5 millimeters upward, downward, to 
the left, to the right, or forward. But the movements of the eyes 
are not displacements en inaase, aa we well know ; they are 
rotations around a centre which remains fixed. 

The expression of the excursive movements of the eye, as well as 
the limitation of such excursions, is given by the arc which the 
eye has described, or by its correapooding aiigU, the apex of 
which is at the centre of rotation of the globe. 

You can aee what errors we are liable to commit by measuring 
this arc by ita projection on a straight line. Yon find one day, 
we will suppose, a strabismus of 5 millimeters ; soma time after it 
is 10 millimeters ; would you say that it had doubled ? Certainly 
not. You all know that the projection of equal arcs on a right 
line tangent to 0° diminishes more and more in proportion as the 
arcs approach to 90°, in such a manner that, in the case we speak 
of, the rotation of the eye has more than doubled. 

Strabometry based on the measure of displacement of the 
centre of the pupil ia, therefore, a method radically wrong, and it 
ia astonishing that any one should propose a linear strabometer. 

If we use a graduated rule across ■which we sight at the centre 
erf the pupil, if we use the edge of the lid, which is neither a 
Btraight line nor an arc concentric with the excursions of the eye, 
or if we use the pretended strabometera, which consist of a 
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graduated disc having the curvature of the lids, we cannot hope 
to obtain a true measurement of the strabismus. 

If you want only an approximate estimation the naked eye 
suffices. If you want an exact measurement, such as a conscien- 
tious observation of the progress of the aflfection demands, you 
must determine the angle of the atrahiamua, 

I have defined this angle as follows* : The angle of the 
atrcibismua u the angle which the visual axis of the deviatitig eye 
forms with the direction which it should have in a normal condi- 
tion. 

We can determine this angle either suhjectivdy or objectively. 

The simplest manner of determining the angle of the strabismus 
is analogous to that we used in measuring the angle a (see Fig. 6). 

We employ the graduated arc of the perimeter, at the centre of 
which we place the deviating eye c, the arc lying in the plane of 
the deviation. In the case we have taken as an example, the 
plane will lie horizontally. We then cause the patient to fix with 
his two eyes a distant object 0, situated on the central radius coO. 
This is the direction which the deviating eye should have in a 
normal condition. What we have now to determine is the point 
X, at which the eye is in reality directed; the angle ocx formed by 
these two directions is the angle of the strabismus. 

In order to obtain this latter direction, we have only to determine 
the visual axis of the eye. This, however, is by no means an easy 
matter. We, therefore, in practice remain content with the optical 
axis, which differs from the former, as we have seen, only by an 
angle (angle a) which, in comparison with the large angle of the 
strabismus, we can easily neglect. We, therefore, as has already 
been explained, move a candle along the arc until it comes to the 
point x where its reflection is in the centre of the cornea. We 
have then found the optical axis. The method of Charpentier, 
described on page 44, is most admirable for low degrees of stra- 

* See Handbuch der Oedammten Augenheilkunde, yon Grftfe u. S&misch. 
Band III. 
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biemus. It doea not answer so well aa the foregoing in the higher 
degrees. 

If the eye ia deviated upward or downward, we proceed in the 
same way, placing the arc vertically. 




When the deviation is not in a horizontal or vertical plane, but 
in an intermediate one, it will be with considerable difficulty that 
we can determine the precise meridian of deviation. In this case 
we measure separately the horizontal and vertical deviation. The 
result is then expressed as follows : the eye has a deviation of, 
say, 2° horizontally, and 10° vertically. 

This manner of proceeding is the more legitimate since we follow 
the same principle, as we shall see further on, in determining 
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subjectivelv the degree of the strabismas, and frequently even in 
:henipeutics, hv combining a tenotomy of the superior or inferior 
nf>ccus muscle with that of a lateral muscle. 

A:ler you have examined the deviation of the eye cU a distance, 
it should be examined tor the changes which it undergoes for near 
ri^on. For thLs purpose you simply bring the object nearer^ 
.iud proceed as befisre. 

We frequently see the degree of the strabismus change with the 
oouvergence, and this hot furnishes us with important indications 
tor operative procedure. If we find, for example, that a convergent 
sirnbismus diminishes very much in near vision, we should be 
careful to guard against too great an effect in the tenotomy, which 
would expoee the patient to the evils of a painful or incomplete 
convergence. 
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LECTURE W. 



MOVEMENTS OF THE EYES (Costinued).— PKI8M8. 

Gentlemeb : — The objective examination, of which we spoke in 
the last lecture, ia the only one possible in caaea where the 
deviating eye has lost its power of vision. Where the power of 
vision ia atill preaerved thia ahoald be followed by the subjective 
examination. 

The principal subjective symptom of paralytic strabismus is 
diplopia. The diplopia is due to the fact that the retinal image 
of the object fixed, which, in the unaffected eye ia formed on the 
macula, falls, in the deviating eye, on another part of the retina, 
and is projected aa if the eye was in its normal position. 

Let, for example, D (Fig. 7) be the right eye, and S the left 
deviating inward. The centre of rotation ia ia r, the macula in 
to; is the object of fixation. The macola of the right eye ia 
directed toward the point 0; that of the left ia directed toward 
the point X. The image of 0, instead of being formed in the 
latter eye at m, ia formed at o, and the eye S, which judges of 
the position of exterior objects as if it was in the proper position, 
projects its retinal image o in the direction from which the 
luminous rays should come, that, in a normal position of the eye, 
form their image in o. 

In order to find thia last direction we have, then, to auppose the 
eye returned to its normal direction, toward 0. In this case the 
point m will be at o in front of 0; and o will be displaced at an 
equal angle, and be found in o', and consequently the image will 
be projected in the direction o' 0'. The object fixed ia really, 
therefore, seen by the left eye S at 0'. It ia at 0' that the 
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object should be found which forms its image, when the eye ial 
normally directed, at o'. As this projection of the object 
situated on the same side aa the deviating eye, we call thia form I 
of diplopia hoTnoni/moua. 




The reverse of this takes place in strabismus divergena, whea 
the eye is deviated outward. The anterior portion of the eye 
being then turned outward, the posterior part is turned in the 
opposite direction, and the macula is situated on the inside of the 
image of the object fixed; the latter is, therefore, formed on the 
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temporal part of the retina. Since, in a normal condition, it is the 
objects situated on the opposite side which form their images on 
the outer portion of the retina, the image is projected in the 
direction of the nose, that ia to say, to the side of the unaffected 
eye, and the diplopia is crossed. 

Hence the general law : The diplopia is always in the direction 
opposite to that of the deviation : strabismus eonvergens, 
homonymous diplopia; strabismus divergens, crossed diplopia ; 
eye deviated upward, image below ; deviation downward, image 
above. In the example which we have selected we will have, 
therefore, a homonyraoua diplopia. 

The diplopia is only noticeable by the patient, and causes him to 
seek advice, when the deviation occura suddenly, in consequence 
of an apoplexy, for example, or in rheumatic, syphilitic, or 
traumatic paralysis, etc. When the strabismus is developed 
slowly, especially in anisometropia, or when there is a notable 
difference in the acuteness of vision in the two eyes, tlie patient 
soon learns to suppress the image of the deviating eye and to 
look only with the other, whether there be a persistent deviation 
on one side, or each eye fixes in succession. 

In these cases we sometimes bring out the diplopia by covering, 
with a colored glass of a strong tint, the eye which ia habitually 
in use, and cause the patient to look at the flame of a candle 
placed at about two or three meters distance. This method has, 
moreover, the additional advantage of enabling ua to control 
better the answers of the patient, since we always know to which 
eye to refer each image. 

In our case, therefore, we will cover the right eye with a deep 
red glass, and the patient will say that he sees two flames, one, of 
the usual yellow color, to the left, the other, red, to the right. If 
the diplopia is not immediately pronounced we ask him the color 
of the flame he sees; he will probably answer "red." We then 
cover the right eye with the hand in order to draw his attention 
and fix it on the image of the left eye. By thus covering each 
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eye in Baccession you will soon find the patient observing two 



There are caaes, however, where, the strabianms not being very 
great, the patient socceeds in aniting the double images for some 
time, and sees only a single red flame. 

Ton moat not oonfonnd this single but binocular vision with 
monocular vision ; because the flame seen by a single eye through 
the colored glass appears deeper in color than if seen by the two 
eyes together. In order to make the diplopia apparent we havo ■ 
only to place in front of the unaffected eye a prism, with its base I 
turned upward or downward. The imi^ is thus deviated 
vertically, and the fusion of this image with that of the other eye 
is made impoesible. 

The patient being no longer able to correct the horizontal ' 
diplopia, we can measure the lateral displacement without any ' 
difficulty. 

The existence of diplopia being established, we now turn our 1 
attention to the determination of its degree. This is evidently in 
direct relation to the distance between the dovbU images. It is 
hardly necessary to say that this distance increases with the 
degree of the Btrabismua ; the greater the deviation of the eye the 
more is the corresponding image removed from that of the other , 
eye. I 

Moreover, we find the diplopia greater in the direction of the \ 
paralyzed muaele, and less in the direction of the deviation. 
There is yet another method for determining which muscle ia I 
paralyzed. In our case, for exampie, the distance between the"' 
double images will increase in proportion aa we carry the object 
of fixation to the left ; it will diminish, on the contrary, in the 
right half of the field of fixation, and will cease altogether when 
the object coincides with the direction of the visual axis of the I 
deviating eye. Tke diplopia can, therefore, be made to serve as a t 
measure of the strabismus; only we must observe certain I 
precautions. 
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In the first place, the diplopia varies, for the same deviation, 
according to the distance between the object fixed and the eyes of 
ike patient; it increaaea and dirainiahes directly aa thia diataoce. 
You can easily convince yourself of thia fact by prodncing an 
artificial diplopia by means of a prism. You will thus see that 
the two images approach to or remove from each other, as the 
object ia approaclied to or removed from the eyes. If we would 
ezpresa the degree of the strabiamiia by the distaace between the 
double images, it is necessary to state the distance batwaen the 
object fixed and the eyes of the patient. 

This method is the one generally adopted for the measurement 
of diplopia. It is said, for example, " here is a patient who, at 
a distance of two meters, has a diplopia of ten centimeters; it 
increases toward the left and amounts to thirty centimeters at a 
distance of two and a half meters," The diplopia for vision to the 
right, upward and downward, is determined in the same way. 
What strikes us at once in thia manner of proceeding, is the large 
number of figures employed, and the confusion which they are 
liable to cause. But its principal defect lies in the faet that we 
express the value of angles in linear magnitudes. We have 
rejectedlinear strabometry in the objective examination; we should 
therefore, for the same reason, reject it in subjective straboraetry 
by means of diplopia. 

Here again we say : the line of vision is deviated to the right or 
left, not for so many meters, but by so many degrees. 

Again, we do not content ourselves with indicating the distance 
between the double images, but aieaaure, by the diplopia, the 
angle of the strabismus. According to the definition we have 
already given, the angle of the strabismus is the angle formed by 
the visual axis of the deviated eye with the direction which it 
should normally have. 

Let us now refer for a moment to Fig. 7. We place a lamp at 
O, at a distance of three meters in front of the deviating eye S; 
oO ia therefore the direction which the visual axis should normally 
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have. But the macula being found in m, ftiX is, in reality, the 
direction it has now. OrX is, therefore, the angle of the 
strabismus. 

The image of which the eye S receives falls on o; and as we 
have seen, is projected in 0'. In order to find this direction we 
have supposed the eye to be readjusted to its normal position ; the 
macula will then be at o and the image in o', having described an 
angle oo^ equal to ttio. The angle OWO is, therefore, equal to the 
angle OrX, the angle of the strabismus. Now, 00' is the tangent 
of this angle OrO' ; the distance between the double imdgea is 
therefore the tangent of the angle of the strabismus, and conse- 
quently we can use it to measure that angle. For this purpose we 
have simply to reduce the tangent to its angle. 

I have made this reduction on tape for a distance (radius) of 
three meters. I place one end of the tape horizontally on a wall 
at the height of the patient's eyes, in such a manner that the zero 
shall be in front of the deviating eye (c, Fig. 8). The patient is 
placed three meters from this wall. To the right and left of zero 
the tape extends in a right line three meters, which corresponds to 
the tangent of an angle of 45°. At these points the tape is 
doubled on itself at a right angle, and fixed in that position on a 
chair or the adjoining wall. This, however, is generally unneces- 
sary, since the field of fixation seldom exceeds forty-five or fifty 
degrees. 

In this manner we have the tape in the form of a rectangle, and 
on this are marked, at intervals of five degrees, the points where 
the radii from the eye cut the tape. In other words, the divisions 
on the tape represent the tangents of the angles at intervals of 
five degrees, having their apices at the place occupied by the 
afiected eye. Nothing is easier than to make this division. We 
have only eight tangents to determine. That of 45° is equal to 
three meters' length of radius. For angles greater than 45° 
we have only to double the tape on itself at 45° and mark 
on it divisions corresponding to those already marked, because 
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of the perpendicular direction whicli this portion of the tape will 
occupy. 




a radius of three meters the tangents 


are aa follows : — 


From : 5° = 26 cm. = 85° 


from 90°. 


" " 10° = 53 " = 80° 


,i •< 


" " 15° = 80 " = 75° 


u ,< 


" " 20° = 109 " = 70° 


" " 


■ « " 25° = UO " = 65° 


" " 


f- « " 30° = 173 " = 60° 


" " 


" " 35° = 210 " = 55° 


" " 


" " 40° = 251 " - 50° 


« II 


" " 45° = 300 " = 45° 


" •' 



For those who prefer a leaa distance than three meters I have 
reduced the tangents for a radius of 225 centimeters ; — 
From : 5° = 19.6 cm. = 85° from 90°. 
10° = 39.6 " = 80° 
15° =60 " = 75° 
= 70° 
= 66° 



20° = 82 
25° = 105 
30° = 130 
35° = 158 
40° = 189 
46° = 225 



= 55° 
= 60° 
= 45° 
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Those from 45° to 90° are repeated in the reverse order, 
starting at 45° on the perpendicular portion of the tape. A 
second tape is fixed vertically to the first, along a perpendicular 
passing through zero. The divisions should be made upward and 
downward in the same manner as in the preceding. 

To further increase the exactness of my method, we can cover 
the wall with lines running horizontally and vertically through 
the points marked on the two tapes. 

The affected eye thus finds itself, so to speak, at the centre of a 
graduated sphere, and in moving the candle flame along the 
divisions on the wall we can always mark in degrees the direction 
in which it appears to the eye. 

The distance between the double images, indicated by the 
patient on the tapes, gives thus directly the angle of the strabismus.* 

Suppose, for example, that in our case we have placed the flame 
at the point 0°. The right eye, covered with a red glass, sees the 
red flame at 0°, while the left eye, deviating inward, sees an 
ordinary flame on the point of the tape marked 6°. The angle of 
the strabismus is 5°. Let us now carry the flame to the left as 
far as 20° ; the red image corresponds to 20°, while the image of 
the deviating eye falls, say, at 35°. We then say that, under an 
angle 20° to the left, the angle of the strabismus has become 15°. 
We follow the same course for deviations to the right, upward or 
downward. 

Naturally, the lengths of the divisions increase from 0° to 45° 
in such a manner that if in direct vision and in vision at 45° we 
have the same distance between the double images, it does not 
follow that the angle of the strabismus is the same in both cases ; 
it will be smaller in the second position, and the difference will 
still further increase as the angles pass 45°. Moreover, if the 
distance between the double images increases when the eyes are 
turned laterally, it is not always a sign of an increase of the stra- 
bismus in that direction. On the contrary, even if the angle of the 

* Landolt, de la Strabometrie Ann, d^ocid, JuiUet, 1875. 
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atrabismus remaiaa the aame for al) moTementa of the eyes, the 
diplopia must necessarily increase in all the directions of the field 
of fixation. In such a case we have to do with a true Btrabismua 
concomitana, and the increase in the distance between the double 
images simply corresponds to the increase in the tangents of the 
same angle. 

You thus see what an error we commit in taking for a direct 
measure of the strabismus the linear distance between the two 



We remark, finally, that our method of measuring the angle of 
tte strabismus ia in no way more complicated than the linear 
measurement. In this latter you must likewise use a graduated 
tape. Now, the tangent division is aa easily made as the linear, 
since you have all your lengths calculated in the table which wa 
have just given. The final advantage of thia method ia that it 
gives results which can be compared with those furnished by the 
objective measurement, and allows one to be controlled by the 
other. 

PRISMS. 

We come now to an important method for correcting, and at 
the same time measuring, the strabismus, that ia, the use of 
prisTns. 

In looking through a prismatic glass we find that it produces 
an effect analogous to that of a deviation of the eye, that ia to say, 
it causes a displacement of the objects looked at. It follows 
from this that, employed in a contrary sense, the prism would 
neutralize the diplopia caused by the deviation of an eye. 

The action of a prismatic glass is explained as follows : — 

A luminous ray coming from the point a {Fig, 9) and falUng at 
J on a prism under an angle of incidence ab d,ia deviated toward 
the normal, let fall at b, and crosses the prism in the direction b c. 
It leaves the prism inclining from the normal to the point c, and 
poreuea its coui^e toward the eye o in a direction c o, very 
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different from its primaxy direction a b. In order to see the 
point a the eye must be directed toward c, and a will then appear 
in a\ Therefore, when we look through a prism, the luminous 
rays being deviated toward its base, objects appear displaced 
toward the apex S. 

Pro. 9. 




This displacement evidently increases with the index of refrac- 
tion of the substance of the prism, and with its principal angle (jp). 
When the angle of incidence and the angle of emergence are equal 
the direction of the luminous rays in the interior of the prism is 
perpendicular to the line bisecting its angle ; the angle of devia- 
tion (cQ is, then, for weak prisms, equal to half of this latter. 

The numbers inscribed on the prisms in our boxes of trial 
glasses indicate their principal angles. The prism marked No. 4 
produces, therefore, a minimum deviation of 2^ and so on. 

In order to show the application of prisms in practice we will 
take, as an example, the one already chosen, in which there is a 
convergent strabismus of the left eye. The patient has a homony- 
mous diplopia, and the object fixed appears, for the left eye, 
displaced outward. A prism with its apex directed inward has 
the opposite effect, and displaces the object of fixation toward the 
nose. 

Such a prism, properly chosen, therefore, brings the image 
which the left eye receives to its normal position, that is to say, it 
corrects the diplopia. In effect the macula is here displaced 
outward, the image of the object falling to the inner side of it. 
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The effect of a prism with its base directed outward will be to 
turn the rays coming from the object in that direction, and make 
them fall on the yellow Bpot. 

By this meana, the images of the object fixed being formed 
simultaneously on the macula of each eye, single aad binocular 
vision is reestablished. 

Whence we obtain the general law : The apex of the correcting 
priarti should be turned in the saine direction as that in which the 
eye w deviated; deviation upward, apex upward; atrabismiis 
divergena, apex outward, etc. 

The intermediate or oblique deviations can be corrected by 
single prisma placed obliquely ; but we prefer, in the determina- 
tion of the strabismus, to divide them into their two component 
parts, the one vertical, the other horizontal, and in their correction 
to use two prisms with their apices directed in the corresponding 
directions. We have no need, then, to determine directly the 
inclination of the prism. Tou can readily see that it is also pos- 
sible to correct the diplopia by holding a prism in front of the 
unaffected eye and directing the apex in the contrary direction. 
We, however, prefer to correct directly the deviating eye, or to 
divide the correction equally between the two eyes. 

The greater the deviation of the eye, and consequeutly the 
more considerable the diplopia, the stronger must be the priam. 
The angle of deviation of the prism should, therefore, increase 
with the angle of the strabismus, and, theoretically, the one should 
be a measure of the other, in such a manner, for example, as that 
a diplopia corrected by a prism No. 8 (having an angle of 
deviation of 4°) should correspond to a strabismus of 4°. 

This method of measuring strabismus is, indeed, the one quite 
generally employed. But, in the majority of cases, the value of 
the angle of strabismus, determined objectively, is greater than 
the angle of deviation of the correcting prism. 

This cau be explained as follows : When, by the aid of a certain 
oorrection, the double images are brought very close to one 




ftomik^ risk>a,ao to speak, being awakened 
I mf% it Baku (with its weakened muBcle) a last 
. thft remaiaing diptopia, an effort which aa 
I of ita poweriem&flss to do it prevented it 
■ the dipk^MA was greater. Thus, the angle 
of JMiMuB of tba oorrecting prism ia always less than the angle 
:d lb a Ci dbi— M B, bat it approachee the more closely to it the 
1HH* amfi»batf kfaa moscte is paralyzed. The prism is, therefore, 
sM * mUH parfcotly exact for measoring strabismus. 

Our tnl box«s cootain, geaerally, ten prisms, Nos. 2, 3, 4, 5, 

tt 7, 3v 9; 10 tad 15. For those cases where No. 15 does not 

yjtiL^ va aimptr oomtuoe a number of prisms together, always 

j^M Aflir apices the same direction. The number of the prism 

P ^|M oblBUMd wonld, of coarse, be the sum of the eereral prisms 

In ointo to produce, by a single instrument, a series of different 
pr^atUAlio •ff^ts, we superpose two prisma, of 15° each, for 
When their apices are directed in opposite directions 
I ^^ QQ0 HQtrallMS the other ; when they hare the same direction 
tk* M* ^ ftddetl to the other, and they represent a prism of 30°. 
lu titniiug the one on the other from the first position to the last 
w« r«W'.'^l«<^. •wcoessively, the action of all the prisms comprised 
t>aftwv'«it 0" and 30°. We obtain the same result by turning both 
lU opiH«ito directions. This principle was brought into practice 
ibnuurlv by Volltmann, and more recently by Cretea, in Paris. 

Sluoll an instrument is very easy to manipulate. The prisms, of 
« oiTx^dtir form, are moved by the aid of two springs which 
Mi'iuutnt'i ill the frame and are controlled by a movable button 
|.j-l,nr' by tho finger. A graduation marked on its frame serves 
W •hi'W *''" resultant action of the two prisma. 

We will oiul this study with some remarks on the relative ' 
1(1,11 1 iionoy oi" tho finralyses of the different mueclea of the eye, and 
I,., ,r ,riil laws presiding over the deviations which result from 
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The muBclea wMch are the moat frequently paralyzed singly, are 
the external rectus and the superior oblique, each supplied hy a 
special nerve. The other muscles, internal recti, superior recti, 
inferior recti, and inferior obliques, all supplied by the jnotor 
OGuli eommunU, are generally affected together, and are accom- 
panied by paralyses of other muaclea supplied by the same nerve ; 
the levator palpebrte superioris, sphincter of the iris, and muscle 
of accommodation ; constituting a very characteristic group of 
Bymptoma. We should aay, however, that isolated paralyses of 
one of the muscles innervated by the third pair are not altogether 

Grafe, whose authority on all points touching the troubles of 
motility of the eye is incontestable, haa recorded, among 40,000 
observations of eye affections, 183 cases of paralysis of the muscles, 
and, among this number — 

105 paralyses (isolated) of externa! rectus. 
62 " " " superior oblique. 

10 " " " rectus inferior. 

9 " " " " superior. 

5 " " " " iutemus. 

2 " " " inferior oblique. 

I cannot here enter into a detail of the special symptoms offered 
by the pariJyses of these different muscles. I would refer you, for 
that, to the Chart to be found at the end of the volume. But as 
all these symptoms, however various they may be, are under the 
dominion of a few general laws which follow from what we have 
been considering in this lecture, I will conclude by giving an 
exposition of them : — 

A. In incomplete paralysis, the deviation which the unaffected 
eye undergoes while the affected eye ffxes, is greater than the 
deviation of the affected eye daring the ffzation of the unaffected 
eye. 

B. The impaired motility and the diplopia increase in the 
direction of the action of the paralyzed muscle. This is why, in 
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carrying the object of fixation in the direction of the paralyzed 
muscle, the image of the deviating eye appears to fly in front of 
that of the unaffected eye, and vice versa. 

0. The image which the deviating eye receives is always 
projected in the direction of the paralyzed muscle. From this 
there result the following consequences : — 

Ist. The image of the affected eye is always found on the side 
opposite to the deviation of the cornea, or inclined in the direc- 
tion the opposite of the pathological inclination of the vertical 
meridian. 

2d. In fixing with the deviating eye alone, the patient falsely 
estimates the position of objects. When the sound eye is covered, 
and he is required to quickly strike an object placed within reach, 
he invariably misses it, and his hand goes to the side of the object 
corresponding to the paralyzed muscle. In paralysis of the 
external rectus, for example, he always strikes to the outside of 
the object. This phenomenon is manifested in a very curious 
manner when the patient walks with the sound eye covered. 
When you ask him to walk quickly toward a certain point in front 
of him, at first he will go considerably to the side corresponding 
to the affected muscle, and afterward, when he approaches near 
the object, suddenly turns toward, it. This phenomenon is explained 
by the increase of nervous impulse necessary for the paretic 
muscle, in order to fix the object properly. Whence it comes that 
the patient judges the distance traveled over by the eye is much 
greater than it is in reality, that is to say, proportional to the 
nervous effort which the paralyzed muscle puts forth to direct the 
eye to the object fixed. He judges, therefore, the object to be 
situated to the outer side of its true position. It is, in part, to 
this cause that we can attribute the vertigo and the difficulty 
which certain patients experience in walking, especially when they 
have to descend steps. However, these troubles are due in part, 
also, to the diplopia. 
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LECTURE V. 



^MUSCULAR ASTHENOPIA.— TONOMETRY. 

Gehtlemen : — I cannot leave the consideration of the move- 
ments of the eye3 without speaking of certain visual trouHea 
which, at first sight, would appear quite independent of muscular 
function, hut which, in reality, are in the moat intimate connection 
with it. 

A patient complains, for example, that his vision is fatigued 
very quickly ; in the evening, especially, he cannot read nor write 
for any length of time, because when he has read for a short while 
the letters dance before the eyes. If he attempts to overcome 
this faulty vision he is succeaaful only for a time, and invariably 
experiences, in consequence, pain in the eyes and head, especially 
the forehead. We have, in a word, the condition which ia termed 
asthenopia. 

Your first thought would be that the patient is hypermetropic 
or presbyopic, since the complaints of such patients are difficulty 
in vision near at hand and the impossibility to continue work for 
a length of time without pain. The cause of these phenomena is, 
as you are aware, an error of accommodation. 

But on examination you find, on the contrary, a. myopia, 
and frequently of a considerable degree. 

You can here exclude presbyopia, because the patient, even 
without an effort of the accommodation, can see near at hand. 
You should now get a full and complete account of the symptoms 
of which the patient complains. Ask him, in particular, if he 
does not sometimes see the letters doable when the eyes begin to 
ache. If he answers in the affirmative, as is usually the case, 
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vQur Atteotion slioald be at once directed to the moacular system^ 

TIlM* may act, however, be tbe least trace of atrabiamiis, 

ICtnrtfaalaas, cause him to fix an object, the forefinger, for 
tiaypK with one eye, and bring it Qear the eye, the other being 
uowcwl with the hand or a bit of ground glass, as in the j 
vUuicuiuoD of Htrabismus. You will now find, when the object I 
!• Wought sufficiently close, that the eye under the hand or ground 
glut is deviated slightly outward. As soon as the eye is 
Miwovarwl it makes a movement inward, in order to fix the object 
111 r«|>«itiag the experiment oa the other eye essentially the same 
OtfiHlllioM sre found, and you have to do with a very common 
ttihcilon — an asthenopia caused by an imuffi.<nency of ike internal 
rMlimuMto. 

Tb« frequency with which this trouble is met with is not at all 
■tirprliing. There are few muscles in the homan economy so 
wiMlAittly in action aa the internal recti. 

All objects not situated at infinity demand for their fixation by 
|k« vyA % oonvergence of the visual axes, requiring, of course, a 
tffWibir or lew amount of contraction on the part of the muscles 
III (|U(«tlon. And the closer the object is approached the greater 
Ui« Amount of work required of them. This accounts for the fact 
ttiHi tha fatigue — the expression of the feebleness of the two 
IDUMiIm— !■ manifested especially during near work ; and also for 
Ui* frilinr fact that it is most frequently met with in myopes. It 
U, IiiiIom], in these that the greater convergence is required, 
invoiiM boing obligiid to bring all objects very close to Uie eyes 
WliNfi tlifly wish to see them distinctly, the reverse being the case 
wlUi )iyp«rnwtropea, who generally fatigue their internal recti 
Ifilinli Um. 

Yot tbs uma roasOD the asthenopia is felt more especially in 
(ttt svMiiDgi bsoaue the patients have already been using their 
sMVflV*^ during the whole of the day. 

K dow not suffice to debermine the deviation of the eyes 
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under the hand or ground glass ; it is ueceasary to stody it more 
closely and determine its degree. For thia purpose we cannot 
use the objective mensuration, because there is generally no 
spontaneous deviation, and it is only manifest after considerable 
use, and in consequence of fatigue, 

"We must have recourse, therefore, to the diplopia. But again, 
this does not manifest itself spontaneously, especially for vision at 
a distance. In order to produce it we place in front of one of the 
eyes of the patient a priam of about 15°, with its apex directly 
upward or downward, 

"We have already seen, in considering strabismus of low degrees, 
that the aiiper-position of images produced by the prism renders 
their fusion impossible. So the patient abandons his eyes to the 
natural play of their muscles, and then there ia made manifest, in 
the case under consideration, a crossed diplopia. In order to 
prove it you place before the patient a sheet of paper on which ia 
marked a black dot on a vertical line. Tou cause him to hold 
this at the distance at which he habitually reads. 

The patient looking through the prism will, naturally, sea two 
black dots, but not on the same vertical line ; the left eye will aee 
one of them to the right, and the right eye the other one to the left. 

Crossed diplopia corresponds, as we have seen, to a divergence 
of the eyea. We seek, therefore, the prism which, held horizon- 
tally with its apex directed outward, again brings the two images 
on the single vertical line. It is solely for the piirpoae of 
facilitating the judgment of the patient as regards the position of 
the two imagea that we draw the vertical line through the dot. 
The patient has, then, only to indicate the moment when the 
double lines are exactly super- posed. Tou should take the 
precaution not to make the lines so long that, with the prism 
employed and the distance at which the experiment is made, they 
touch each other. The degree of insufficiency ia determined by 
the number of the prism, held horizontally, which corrects the 
diplopia. 
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In order to correct the insufficiency of the internal recti we 
seldom have need to make a tenotomy of one of them. It 
generally suffices to employ a prism, the action of which is divided 
between the two eyes. If we find, for example, the insufficiency 
is counteracted by a prism No. 6 held in front of one eye, we 
place in front of each eye a prism No. 3 with the apex turned 
outward. We can also give to the two surfaces of the prisms a 
concave or convex curvature, in such a manner as to combine the 
action of spherical lenses with that of the prisms. 

Fig. 10. 
A 




In the less pronounced cases, it will suffice simply to separate 
the concave glasses of myopes. The myope will then look mostly 
through the inner portion of the glasses, which will act as prisms 
with their bases turned toward the nose. 

If an insufficiency of the internal recti is found in hyperme- 
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tropes or presbyopes who wear convex glasses, we can produce, on 
the other Hand, the same effect by approximating the glasses ; 
the external portions of the convex glasaea will act as prisms with 
their apices directed outward. An examination of Figure 10 will 
show at once the raechaniam. 

We can easily obtain the prismatic effect by having the glasses 
30 cut and fitted into the spectacle frame that the centres of the 
pupils shall fall to any desirable extent to the outer or inner side 
of the centre of the lens. We can thus attain the desired end and 
avoid the somewhat striking appearance which widely separated 
glasses present. 

When the insufficiency of the interna! recti is greater than 15°, 
and when the patient has passed the age of infancy, we can 
remedy the error by a delicately performed tenotomy of one of 
the external recti, or even of both. But we must be on our guard 
and not give too much effect to the operation ; we should the 
rather leave a slight degree of divergence than run the risk of 
a possible convergent strabismus. Under such circumstances we 
prefer the horizontal incision in the subconjunctival tenotomy. 

We meet, sometimes, with an iTisitfficieru^ of the external recti. 
It is found nearly always in hypermetropes. It is much less 
frequent than that of the internal recti, and the consideration of 
it will not detain us, since it has the same symptoms, but in an 
opposite sense, as those we have been considering. The diplopia 
is homonymous, and in order to correct it we must separate the 
convex lensea, which then represent prisms with their apices turned 
inward ; or, if we prefer, we give prismatic glasses turned in the 
same direction. 

TONOMETRY. 

The resistance which the eyeball opposes to external pressure is 
called the intra-ooular tension, and is a condition which sometimes 
assumes great importance in diagnosis and in treatment. As an 
example, I instance glaucoma. You are aware of the extreme 
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giaTity of thia afiection, irhioh, reqairiiig prompt enrgical 
intrafereooe, is very &eqaentij misonderstood, especially at the 
be^niiiiuog of its coiii%. Haw, gUneoma is cb&ractemed by an 
increase in the tenBioa ot the eya, and if the sorgeon oeglecte 
the examination of the state of tensiaD he will not recognize the 
auction in its first stage, and will not be pr^iared to combat it 
effectoally. 

The following case, which recently came under my obaervation, 
will serve lo illustrate the importance of this examination. A 
poor patient came to me from the provinces, completely blind ; 
she came, she said, to be operated on for cataract ; and, in &ct, 
the leoaea in both eyes were somewhat turbid ; and thia was the 
more apparent on acooont of alight dilatation of the pupils. Bat, 
on an ophthalmoscopic examination, which was easily possible, in 
spite of the opacity of the lens, I discovered an excavation of both 
optic papUlaB, and a complete atrophy of the optic nerves; ths 
globe, on both sides, was as hard as stone ; there was not a trace 
of perception of light It was a case of doable absolute glaucoma, 
and I was obliged to send the nnfortunata woman home without 
any hope of recovery of her vision. 

How did this come aboat ? The affection was developed slowly, 
first in one eye and afterward in the other. When this womaa 
was suffering she went to her physician, who told her that sh« 
had a cataract, bat that she could not be operated upon until the 
cataract was ripe, that is to say, when she could no longer see at 
all. This happened, indeed, but at a time when she was beyood 
all hope of cure. If the physician had recognized the necea^ty 
of examining the tension of the eye, he would have recognised 
at once the nature of the troable, and would have been able to save 
the eyes of his patient. 

This, unfortunately, is not an isolated instance. Every ophthal- 
mologist can cite analogous cases. It is important, therefore, thafc 
you should have your attention directed toward a symptom of ao 
much consequence, and that you should know how to test thft 
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intra-oGular tenaion. To do this, we proceed in very much the 
same manner as we make palpation. We place tlie tips of the 
forefiogara lightly on the eye, covered by the upper lid, and preaa 
gently with each in turn, the other fingers resting against the 
edge of the orbit. This palpation should be made solely by the 
muaclea of the fingers, and never by a pressure of the entire hand. 
During this examination the patient should look downward, in order 
that we may press only on the sclerotic; if the eye is directed 
upward, pressure is made on the cornea, which causes the tension 
to appear higher. For a similar reason the tips of the fingers 
should be applied above the tarsal cartilage, the thickness and 
resistance of which will give a false idea of the tension of the eye, 

Coccius has proposed that the fingers be applied directly to the 
globe, the proceeding being, according to him, exceedingly well 
supported, if precaution is taken to moisten the fingers in tepid 
water. This is, of course, much more exact than the other method, 
on account of the variation in the volume and consistency of the 
lids in different individuals. However, when one has become used 
to making palpation through the lid, an exactness sufficient for 
practical purposes can be attained. The direct palpation can be 
reserved for doubtful cases, or those in which the Hd is deformed. 

For comparison you can take the «ye of the opposite side when 
it is healthy ; but it is beat to take your own eye. This com- 
parison you should never neglect. 

Bowman, of London, baa endeavored to find how many distinct 
degrees of intra-ocular tension he could recognize by the aid of 
the touch simply. By comparing his results with those of his 
colleagues, he concluded that there could be recognized three 
different degrees of augmentation and three of diminution of intra- 
ocular tenaion. Designating, then, by Tn, the normal tension, he 
calls r+1, T+2, r+3, the various degrees of elevation, T—\, 
T- — 2, T — 3, the different degrees of diminution of the tension of 
the eye. 

In order to meaaure in a manner still more exact the intra- 
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ooulat pressure, divers instruments, called tonometers, have been 
constructed. Most of these come from the Utrecht school, which 
has been especially engaged with this question. The principles of 
these instruments are either to measure the force necessary to 
produce a depression of a given depth in the globe, or to determine 
the depth df a depression produced on the globe by a given force. 
But all neglect, more or less, the form of the depression, which 
evidently varies much according to the degree ot tension of the 
eye, and according to the resistance of the sclerotic. In a word, 
the instradients in question have not found as extended a practical 
application as was hoped for. 

. I shall therefore not enter into a description of them, and would 
refer those of you who are specially interested in the question to 
the description of a tonometer proposed by Snellen. That instru- 
ment unites the advantages of all other instruments proposed, 
and seems to fulfill the conditions necessary for an exact mea- 
surement. 

The tonometer of Snellen consists of three metallic stems placed 
side by side in a tube, the two lateral ones perfectly movable, the 
third, central one, being connected with a spring, the strength of 
-which is Regulated at will. The two first form a vernier with the 
central stem, in order to indicate exactly how much this passes the 
others. 

Before using the instrument we give to the spring the required 
force, and afte^rward apply to the globe the free extl^mities of the 
three stems, directed toward its centre. We then make pressure, 
and at the moment when this has attained the required force an 
escapement ajrrests the spring and fixes the stems in their relative 
positions.* We now have at once the force of the pressure, and 
the depth and form of the depression made on the globe. The 
form of this depression can be determined in a yet more exact 
manner by giving, successively, to the Stems different degrees oi 
separation. 

♦ Weber. 
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At a reunion of physicians at Utrecht I proposed to construct a 
tonometer according to the following principle : — 

Take a corapreBsible ball the size of the eye and communicating 
with a receptacle which, as well as the ball, is filled with water. 
Apply this hall against the eye in such a manner that the latter 
shall make a certain depression in it; afterward increase, by any 
means whatever, a weight or spring, the preaenre on the ball until 
this shall have recovered its original form ; its tension will then 
equal that of the eye. This moment will be indicated by a return 
of the water contained in the ball to the level of that of the 
receptacle. The pressure which you have to make on the ball in 
order to restore it to its form will represent the intra-ocular tension. 

I have not pursued this idea to its realization, but I give it to 
you, and think that, proceeding on this principle, we can make 
a good tonometer. 

In practice, it is tnie, the edufflited fingers nearly always suffice 
to appreciate the intra-ocular tension ; but who knows if, with the 
raeans of measurement rendered perfect, we should not obtain, on 
this point, new indications important for diagnosis and liierapeuais ? 
In any event, physiology demands a tonometer which can replace, 
without any lesion to the eye, the manometer which the 
experimenter is obliged to introduce into the anterior chamber in 
order to determine the pressure of the interior of the eye. 

Among the diseases in which we especially find an increase of 
the intra-ocular tension, we mention, in the first place, glaucoma, 
of which it forms, as we have previously remarked, the principal 
symptom. It is this excess of pressure which produces the 
corneal trouble, the dilatation of the pupil, the pulsation of the 
veins and frequently of the arteries of the retina, but, first of all, 
the excavation of the papilla and the compression of the nervous 
fibres which causes the progressive contraction of the field of 
vision, and finally complete amaurosis. You are aware that a 
large iridectomy, peripherally situated, almost certainly £ 
the progress of the disease. 
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The intra-ocolar tensioB aa aHaa be Jimc—aJ hf tmnoTB de- 
veloped in tbe mterior d Hie are or eoo^nnrag it exteriorly. 
We observe, on the oChsr hand, m dinunoSioa <d tenaioD wliea the 
membranes of tbe ejs are tjirnn^ or niptared ia may place, and 
when there is a phthisis oC &e gUM or a dkaogB in the coaditionfl 
of filtration (exaemosa and eadasmanV 

Detachment of tbe rettiw is Jiaaij alvsjs acoon^nnied by a 
diminatioa of iotra-ocalar teorioo. A dhnmiriind (eoaioD is like- 
wise nearly always preaent in jianlysiB of &e ofifa&afaiiic branch 
of the fifth pair. We see it a^in in cases of ofctitis, wbere it 
becomes an alarming s^mptotB; it tben indicates either the 
approach of an ezacerhatioa of tbe trooUe or tbe imminenos of a 
sympathetic infiammatioD of the othv eye. Thu is explained in 
the following manner: while tbe tntrarocolar pressnre is excessive 
the ciliary nerves are more or less compressed at their entrance 
into the sclerotic, and a pn^>agatioo of ihe aSection by these 
nerves is less possible; when, on the contrary, the tensdop. 
diminiahes, the ciliary nerves recover their conductibility, and 
with this the danger of sympathetic cyhthalmia revives. 
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Gentlemen : — The different pa.rts of the apparatus of vision 
can be divided into three groupa : The first group comprisea the 
external parts, serving to protect the eye or to more it: lids 
orbit, external rauaclea, etc. 

In the second group we range the parts transmitting the light, 
or the dioptria apparatus, serving to bring the optic nerve in 
relation with the external world. 

The third comprises the nervous apparatus which receives and 
conducts to the central organ the luminous impressions transmitted 
by the media of the second group. 

Up to the present we have been occupied with the parts which 
enter into the formation of the first group, and we have studied 
them with an eye single to the object to which these lectures are 
devoted, viz., to their importance in a diagnostic point of view. 

We now eater on the consideration of the second group, still 
more important than the first. It is constituted, as I have told 
you, of the dioptric apparatus, and it is this which gives to the 
organ its properties of refraction and accommodation. 

The dioptric apparatus is composed of the cornea, aqueous 
humor, the crystalline lens and vitreous humor. Our knowledge of 
these media is to-day quite advanced, though it has but recently 
become so, since it was only in 161 1 that Kepler proved scientifi- 
cally, for the first time, that the dioptric media produced images, 
real and inverted, on the fundus of the eye. 
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Moreover, it was only toward the end of the last century and 
the commencement of this, that Thomas Young and Volkmann 
laid the foundation of the theory of the refraction and accommo- 
dation of the eye. But it waa Helmholtz who, hy the aid of his 
ophthalmometer, determined with mathematical exactitude the 
dimensiona, the radii of curvature and the indices of reiraction of 
the various dioptric mediae It was he and Listing who deduced 
the optica! constants of the eye. 

Donders, our illustrious master, has the merit of making a ' 
practical application of the labora of these learned physicists, by 
f^irther developing the ideas in regard to the accommodation, and 
by establishing the theory of the anomahes of refraction and tha 
principles of their treatment. You see, by this, that physiological 
optics ia of a very recent date. Probably it is in part to this 
circumstance that the chapter of accommodation and refraction of 
the eye ia generally regarded as the most difficult, most obscurej 
and especially the most theoretical in ophthalmology. As regards 
this last charge, it is not at aU merited, and when once you are 
femiliar with these questions, you will he astonished to see how 
many advantages essentially practical flow from them ; how many 
patients, unaucceasfuliy treated by a hundred different colSyria, or 
mutilated by inappropriate operations, can be restored to useful 
vision by the use of glasses properly selected and adjusted. 

As to the reproach of abstruseneas, it ia explained less by the 
want of a knowledge of mathematics and physics than by the 
lack of a clear and accurate exposition of the subject. 

I assure you that it ia not neceaaary to be a mathematician in 
order to comprehend perfectly the most difficult problems of this 
portion of optics, and that the most elementary knowledge of 
algebra and physics suffices to master the principles of the refrac- 
tion and accommodation of the eye, and to rationally correct their 
anomalies. It will be our endeavor, moreover, to treat the 
question as simply as possible, and to limit ourselves to that which 
is strictly necessary for practice. 
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The only thing which seems likely to complioate our task is 
that, just now, we find ourselves in a period of trajiBition from the 
old to a new system of measurement of refraction, and this change 
must influence, more or less, our manner of investigating the 
subject. I allude to the 
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It is not ray purpose to treat of refraction and accommodation 
according to the old ayatem, which is destined to fall into disuse, 
as well as the expressions in feet, inches and lines, oh which it 
is founded. But we cannot dispense with some consideration of 
the old methods of measurement, and it is necessary for us to 
point out the differences between the old and the new systems. 
This is the more imperative as we have learned the elements of 
optics according to the old system. And this latter differs from 
the new system in many important particulars. 

The refracting power of a lens depends, on the one hand, on the 
index of refraction of the glass of which it is made, and, on the 
other, on the radius of curvature of its surfaces. 

The refracting power of a lens is the inverse of its focal distance. 
The more strongly the lens refracts the light the closer to it is its 
focus and the shorter its focal distance ; inversely, the greater the 
focal distance the feebler the lens. 

The formula expressive of the relations between the focal 
length F, the radius of curvature r, and the index of refraction n, 
of a bi-spherical lens, is — 



A rational system of notation should indicate either the focal 
distance of the lens or its power of refraction. 

The numbers which belong to the lenses of the old system 
(bi-spherical) indicate, in inches, the radii of curvature of their 
surfaces. Now, as the above formula shows us, the radius of 
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curvature does not tell us the refracting power of a lens, unless we 
know, at the same time, the index of refraction of the glass of 
which it is made. 

In order to simplify the matter, a common index of refraction of 
1.5 has been attributed to the glass of which lenses are made. 

In this case the formula for F becomes F=r, that is to say, the 
focal distance and radius of curvature are equal when the index 
of refraction of the glass is 1.6. 

It was generally accepted, therefore, that the number of the 
lens indicated both the radius of curvature and focal distance. 
Thus, for example. No. 6 was supposed to have a focal distance of 
6 inches and a refracting power of i, etc. 

But the index of refraction of the glass generally used in the 
manufacture of lenses is very seldom 1.5. It varies between 
1.526 and 1.634. Consequently F is not always = r. On the 
contrary, the focal distance is nearly always less than the radius 
* of curvature. The lenses of the old system are, therefore, 
stronger than they are represented if the numbers are intended to 
express their focal distances. 'Thus, in taking the index of 
refraction = 1.63, No. 36 has not 36" focal distance, but only 
34", and its refracting power is -^ instead of •^. 

The same is true for the other numbers. In the second column 
of the Table (page 87) will be found the numbers which express 
exactly the radius of curvature * of the lenses in the old system 
with the index of refraction which is most common, viz., 1.53. 

It is certainly a great inconvenience of the old system that it 
gives to glasses numbers which in and of themselves mean 
nothing, or which, at best, only give approximatively the focal 
distance of the lens. 

The old system has yet other inconveniences, and among them 
is the fact that its unit is too strong. 

* The moulds which are used in the manu&cture of lenses become worn in 
time, and the radius of curvature is thus materially modified. 
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In practice we have much more to do with the refracting power 
of a lens than with its focal distance. Now, supposing the 
number to give the focal distance of the lens, the refracting power 
will be the inverse of that number ; and thia being expressed in 
inches, the unit of the system was necessarily a lens of 1" focal 
distance, with a refracting power of -J-. This lens is not found in 
boxes of trial glasses, and we seldom have need of it in practice, 
because it is too strong. We have need of lenses feebler in their 
refracting power than the unit, and it is for this reason that all 
our lenses are represented hy fractions of the unit. * 

This is inconvenient, because the combination of lenses, and 
all calculations relative to the values of the refraction which we 
have to make in the daily routine of practice, must be made in 
fractions, and thus become complicated. 

Moreover, the inch is not a uniform measure corresponding to 
a standard universally adopted ; it is a measure arbitrarily chosen, 
and different in different countries. Thus, we have the Paris 
inch, the English inch, the Austrian inch, etc., all of which differ 
from one another. 

Thus— 



1" Paris = 


27.07 mm. 


1" English = 


25.3 " 


1" Aostrian = 


26.34 " 


1" Proasian = 


26.15 " 



Spectacles are manufactured in accordance with each of these 
meaaures. A lens No. 5, made in France, does not correspond, 
therefore, to a No. 5 English, Austrian or Prussian lens. 

Finally, the intervals between the different numbers of the old 
series are very unequal, and it was difficult to estimate their value, 
because it must be done through tha subtraction of fractions. 

* If we had need of lenses of } or ^ inch focal diBtance, thef would be 
represented ^7 k' ^i etc ; that ia to aa,y, bj tlie whole munbers 2 and 4, etc. 
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Giraud-Teulon pointed out* how much the calculations which 
are to be made in the determination of the refraction and accom- 
modation are simplified, when we express in whole numbers, not 
the focal distance, hut the refracting power. By adopting, as a 
unit, a refracting power of -j^ (216" focal length), Giraud- 
Teulon made a great step toward procuring for us the introduction 
of a new system in the numbering of gla-aaes. 

Finally, at the International Congress of Ophthalmology, held 
at Paris in 1867, Javal, in the name of many colleagues, proposed 
to number lenses no longer according to their radii of curvature, 
but by their focal length, and to use, as a basis of measurement of 
that distance, the Tneter instead of the inch. 

On the same occasion Nagel, recognizing as well as Javal the 
necessity of introducing the metrical system in the numbering of 
glasses, again brought forward his planf to use, in giving numbers 
to the lenses, not their focal distance, but their refracting power. 

This method of numbering necessitated the choice of a unit of 
refraction, and Nagel proposed aa such a unit a lens of one meter 
focal distance, and offered to the Congress exactly the series of 
lenses which we now employ. 

This proposition was, however, not immediately adopted. But 
a commission, composed of Messrs. Becker, Bonders, Giraud- 
Teulon, Javal, Leber, Nagel, Quaglino and Scelberg- Wells, was 
appointed to examine this question, and at the Ophthalmological 
Society held in Heidelberg in 1875, and at the International 
Medical Congress held in Brussels iu the same year, a new system 
of numbering glasses was adopted, which is now in use, and which, 
as we shall see, is precisely the one proposed by Nagel, and for a 
long time contended for by him alone. The principles of this 
new system are as follows : — 

Ist. Numbering the lenses accordiag to their refracting power. 

' Giraud-Teulon in Mokenzie'a " Traits pratiq^ue dea mnliuIieB dea feux," 4tk 
edition-SuppIeraenl, 1865. 

t Nagel's Compendium der Beiractioos Anomolieen, p, 30, 1S6S, 
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2(L "Die choice of & onit sofficieDtly feeble, bo that the nambers 
of die leiues geoenll/ in use sluxild be expressed in lefiole ntiniberi 
mod Dot in fracticxn. 

3<1 The sabetitatiaa of the meter for the in/A 03 a basis of 
measorement of the fixal distances of the lenses. 

4th. H&Ting the intervals imTdaae gradoali; from the feebler 
to (Le stronger niimberB. 

77ie unit of the new nfaterjv. No. 1 of the new series of lenses, 
u a lent of 1 m«ter fatal dxAance. It ia called a DIOPI&T (D) in 
accordance with the proposition of Monoyer. Its refracting power 
ii, therefore, represented by j-^. 

We call No. 2 the lens which hae two units of re&action, two 
dioptriea, j-^ ^ 2 D ; No. 3 has three dioptries ; No. 4 has four, 
and conseqaently ia four times as strong as No. 1, {4 X ^ = 4,) and 
so on. 

By thus following the simple cardinal nambers we obtain a 
seinea of lenses having the same interval, namely, one dioptry. 

It has been found in practice, however, that we have need of 
lenses weaker than one dioptry. And for this reason there have 
been admitted into the scale ft^ctions of a dioptry. We have 
knaes of J D (0.75 D), } D (0.5 D) and J D tO.25 D). 

Quarters of a dioptry have likewise be^i introduced between 
the weaker numbers of the series up to No. 2.5, and half dioptriea 
firom No. 2.5 up to No. 6. In the higher numbers of the series 
the interval of one dioptry ia too small, a slight variation in the 
distance between the lens and the eye prodacing an effect greater 
than 1 D. No. 19 has, for this reason, been suppressed. The 
Beries found in column V of the Table has been adopted for the 
trial cases in use in practice. 

The interval which separates any two aijjacent numbers of ths 
series, as is seen, is 1, or ^, or ^ of the unit, that is to say, of one 
dioptry; and in all cases the interval between any two numbem 
can be readily found by the simple subtraction of whole numbers 
or deamals. We can thus easily tell by how much one glaaa is 
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weaker or stronger than another, or how much an ametropia or 
presbyopia has increased or diminished. 

Focal distance. It is very easy to find the focal distance of the 
lensea of the new aystem, when we remember that the foeal 
distance ia the inverse of the refracting power. We have, for 
example, a lens of a power of 4 D, ^— or j^^; its focal 
distance is = ^ or ^^ - Y'' - ^= 35 cm. 6 D corresponds to —^ 
= 16 centiraetera focal diatance, etc. 

We can determine with the same facility the nurnber of the 
lens, that ia the number of dioptriea, correaponding to a given 
focal distance. Since the dioptry is the inverse of the focal 
distance, the number ia found by means of a fraction whose 
numerator ia one meter or 100 centimeters, and the denominator 
the focal distance. 

To fijid, for example, the number of dioptriea (d) corresponding 
to a focal length of 40 centimeters, we write — 

d = rir, or W = 2.4 D. 

In order to expresa in a general formula the above facte we call 
the number of dioptrics d, the focal distance F, and then writo^ 



THE RELATIONS OF THE OLD ST8TEU TO THE NEW. 

When we wish to know the focal diatance in inches of a lens of 
a given number of dioptriea, we have only to bear in mind that 
1 meter = 37" of Paris, or 39.5" English. 

Therefore :— 



-= =;0r,. 



IDorji 
^^or^= iorj 



Paris, == 5^„ 



English. 
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EXivn^nos of tbb ma. 



Th»t is to Mj, «e na* divide 37" (or 30Ji'O by tlw Dumber of 
(Uoptriee, in order to obtaa tbe eqaivalent refracting power in 
iDches. Tbe dawnuaator of tke fraetkn then gives the focal 
distADoe of tbe kn^ iii|inw«i1 ia inc^ia. Tbe nmnbera of the 
BewfiyatentboBobtuDedaie tbefigravs iBoalmmHVII andVIII 

We {Hooaed, n an ixi v er a e muiia', to find tbe eqaivaleat in 
dioptneB of > lens vbose fiiol '^^"r— in int^ee we know. Let 
the fcctd diMnee of diia kns be iniCMufil I7 p" ; ita refracting 
power will be I", aad lUt Ions will tepnaeot aa many dioptries 
M ita n^actiag power ooataine ^ (Ftria) or jj j (EcgUah). In 
«der to find tbe uBMhei of fioptnea it is Beoeesarj, therefore, to 
divide -i" by ^ (Fans). Kow. to divide y" by ^ is the asme 



aa dividiBg S7 by p" 



a-). 



We bave, therefore, only 



I to £viilD 37 {or 39^ wbeo amg l^ffiA iadiee) by the aomber 
of incbea ixal diatance in order to obtain its equivalent in 
^oftam. Tbm, a len of 17" Ann. fxal distanoe wiU be 
H = 2^ B; 17" a^^iah, = »}/, = 2^ D. 
It ia IB a» way tbat we on traae^ioae tbe lensee with tbe old 
— ib i to tbe new aeries vbea tbe index of t^actton of tbe 
^■ial,fi,orwbentfa»iadiiia<rf cmatwe aad tbe Iboal distance 
an Ae aana. Wba aocb is tbe eae we bava oolj, when we 
widi totmd Ae Binba- of D "—T-^-g to a^ aoi^Mr of the 
old ii j iil Ma , to divide 37 (Fhm) or 39^ (Ki^ieb) by that nanber. 
Bu wbes, aa is Boat OMUMaly tba caae^ tbe index of refiractioii 
k graalar Oiaa 15, ud oonefMntly Ae ladna of carvatare is 
Mt e^M] to the fooal Astaaoe. we divide 37 or 39A not by the 
■■■ber idkidh tba hns be«v but by ita datemiMd focal distance. 
Vte^afaaavitbaaiBdaxQf raCnMtka of 1^ w« do not take tbe 
— bw in iba fint oilnBB of Ae tabK bat ibat m tbe second, 
idick ef^Hwnes tbe local dislanoa tarmfimSmg to tbat index of 
n6«c<aan- baiiBaBMrw«fad.«flq[unkBt8 0f tfaeoldaenee, 
Oa aaBbara of D eottaiMd IB oqImm in •«{ IT. 
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Skomng IM Bdalwn, baleen the Old and J^ew -%(.(™« qf N^mbtring OiiMw. ^H 
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37.87 ^M 


24 
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13 
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12. 
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78 
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70 
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69 
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57 
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We can occompliali the aame thing in a more simple manner 


when, for a given index nf refraction, we calculate at firat the 


dioptric equivalent. 


Thus, for an index of refraction of 1.53, a lens of 37" = 1 meter 


focal distance, should have a radius of curvature of 39.15" (Paris,) 


and should have, therefore, the number 39.15. In order to find 
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the equivalent, not of the focal distance, but of the nurnher of the 
lens, we write — 

Under the same circumstances a lens of 1 meter focal distance 
= 39.5 English inches should have a radius of curvature of 41.87 
inches. 

Inversely, to find the number of dioptrics which corresponds to 
a number of that series, we will have to divide 39.15 by the 
number. Thus — 

No. 13 will give ^^^ = 3.01. D. 
No. N " ^BfJ^ dioptrics. 

But' the number 39.16 is very difficult to divide, and we can, 
without any considerable error, replace it in practice by No. 40 
(for French inches), and consider the dioptry as corresponding to 
No. 40 French, or No. 42 English of the old system. 

The numbers of the new system become larger with the 
refracting power of the lens, while those of the old system become 
smaller. The two numbers progress, therefore, in opposite 
directions, and 2 D corresponds to the No. 4^ = No. 20 of the 
old system ; 3 D = ^, ±= 13.3 of the old series ; 4 D = ^, = 
10, etc. 

Now, if we call the number of dioptrics d and the number of 
the old system N we shall have the equation — 

N = ^ 

Inversely, knowing the old number, if we desire to find the 
number of dioptrics corresponding to it, we simply reverse the 
equation — 

d — ^ 

Example : the old No. 20 (Paris) corresponds to 

d = ^=2J>. 
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This question being solved, we can now retnrn to our principal 
subject, the refraction of the eye, and explain the elementary 
principles involved in it. You will be better able to understand 
these fundamental principles, however, when we come to apply 
them to practice, in determining the nature of the refraction and 
accommodation and the degrees of ametropia. 

The dioptric apparatus of the eye comprises, first, the oornea, 
the radius of whose curvature is about 8 millimeters. It is 
separated from the cryatalliae lens by the anterior chamber, filled 
with the aqueous humor, and having a depth of 4 millimeters. 
The anterior surface of the crystalline leas has a radina of 
curvature of 10 millimat-ers, the posterior surface a radius of 6 

Fio. 11. 

millimeters; its thickness is 4 millimeters (see Fig 11), After 
having crossed these media the light puraaos its way in the 
viireous humor up to the retina. The index of refraction of the 
aqueous and vitreous humor is, on an average, -ij^^, and that of 
the lens ^. 

The figures which we have just given have been determined by 
Liating, Helraholtz and Bonders. They have not, however, an 
absolute value, and, within a certain measure, may be found 
different in different eyes, Helmholtz has, indeed, modified the 
above numbers somewhat, but we, nevertheless, give them as they 
appeared in his first work, because, being round numbers, they 
are more easily managed. 

The office of the dioptric apparatus of the eye is to produce on 
the retina distinct images of externsj objects. You are already 
7 
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aware that the images are inverted, as all real images formed by 
a collective system are. 

The question has been frequently discussed as to why we see 
those objects upright whose images are inverted on the retina. 
At the beginning of the last century, even, there were some 
physiologists who denied the fact, and who, not being able to 
explain how the inverted images were projected upright exter- 
nally, maintained that the retina received the image upright. I 
remember to have found, for example, in a medical work of 
Stephen Blanquard, published at the commencement of the 
eighteenth century, an engraving which shows how images 
which are inverted by the lens are again inverted, that is to say, 
are set upright, by the vitreous humor. 

The explanation of the fact in question appears to me, however, 
to be very simple. Suppose one born blind to suddenly receive 
sight. Far from having a correct idea of what he sees, he does 
not at first at all properly interpret the images formed on the 
retina. He sees neither upright nor inverted ; he does not see at 
all, so to speak, although objects are painted on the retina. 
Indeed, he has not, as yet, the mental conceptions which cor- 
respond to the impressions made on the percipient elements of 
the retina. It is only by experience, by comparison of the 
impressions of touch, hearing, and of the other senses with his 
visual impression, that he comes to bring the retinal image in 
relation with the external object. Experience teaches him, among 
other things, that in order to observe the upper extremity of an 
object it is necessary to direct the eyes upward, and in order to 
observe the lower extremity he must direct them downward, and 
in this manner is established the interpretation of the position of 
objects by means of the movements of the eyes. It would be 
entirely useless for the individual to receive the image upright, 
since he would not find it easier to interpret it thus than if it were 
inverted. In any case he would be compelled to resort, for its 
interpretation, to experience. 
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What is of much more importance than the posture of the 
retinal image is its diatinatnesa. If the image is not diatiiict the 
eye cannot see clearly. Now, in order that the image be distinct 
the retina must lie exactly at the place where the image of the 
dioptric system is formed, for, as with all dioptric systems, the eye 
can furnish distinct images only of objects situated at one and the 
same distance, unless its dioptric apparatus is capable of alteration. 
Fortunately, however, we can see equally well at different 
distances. 

The cause of this is found in the accormnodative power of the 
eye. Accommodation, of which we shall speak more fully further 
on, consists in an increase of the convexity of the lens, caused by a 
contraction of the ciliary muscle. Accommodation, therefore, 
inareaaes the refracting power of the eye, and adapts it to objects 
nearer at hand. 

The eye, in a state of repose, la adapted to the furthrat point at 
which it is able to distinguish objects, that ia to say, to its 
2»inotum remotum. Now, the greatest distance at which an 
object can be situated, and at which we have need to see, ia 
infinity. For this reason we consider as normal an eye which, 
in a state of rest, sees at an infinite dist<\nce, and we call that 
condition e 



EMMETROPIA. 

The emmetropic eye is, therefore, one which, in a condition 
of rest, sees at an infinite distance ; and since, in order to see 
clearly, it must have an image formed distinctly on its retina, the 
retina of the emmetropic eye should be found where the rays 
coming from infinity, that is to say, parallel rays, are brought to 
a focns by the dioptric system of the eye. It is at the principal 
focus of this system that the rays coming from infinity are 
brought to a focas. We can, therefore, define an emmetropic eye 
aa follows : — 

The emmetropic eye is one the retina of which is found ot the 
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prinapal foctis of its dioptric system, or one which unites parallel 
rays on its retina, or, expressed in another manner, the punotum 
remotum, of which is situated at infinity. 

We can represent the emmetropic eye by a convex !ena at the 
focus of which is a screen which corresponds to the retina (E E 
Fig. 12). The sun, or any object far removed, forms a distinct 
1 the screen, 




I 



For simplicity, we choose as an object the flame of a candle 
placed at a distance of about 5 meters ; this being, for the eye, a 
distance sufficiently great for rays coming from it to be'considered . 
parallel. 

AMETEOPIA. 

All eyes which are not emmetropic are ametropia. In ametropia 
parallel rays are not united on the retina, but either in front of 
or behind it. If we advance the screen toward, or withdraw it 
from, our lens, we will find, that the image of the flame becomes 
diffuse {a b, 6' a', Mg. 12}. The same phenomenon occurs in 
the eye. 

HYPEKMETROPIA. 

When the retina is found in front of the focus of the dioptric i 
system, parallel rays are united behind it (Mg, 13) and make a | 
diffused image a, b. 

In order to be united on the retina the rays must be already 
more or less convergent before reaching the eye, as is indi- 
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cated by the broken linea in Fig. 13. Now, there do not exist 
any converging rays in nature. Those which come from objects 
near at hand are divergent; those coming from infinity are 
parallel; in order to be convergent it would be necessary for 
them to come from heyond infinity, so to speak. The name of 
hypermetropia has been given to that condition of the eye in 
which it is adapted for a point situated heyond tlie normal distance 
to which the emmetropic eye is adapted. 

The punctum rernotum to which the hypermetropic eye is 

adapted in a state of rest is not to to be found in front of the eye. 

It corresponds to the point of intersection of the convergent rays 

which the eye requires in order to see distinctly. By prolonging 

Fib. is. 




these rays we find this point of intersection {U Fig. 13) behind 
the eye. 

The punctum remotam of the hypermetropic eye, instead of 
being the point from which the raye of light emanate, is, on the 
contrary, the point to which they should converge in order to be 
united on the retina, because its refracting power is too feeble 
relative to its length (see Fig. 13), In order to make it emmetropic 
its refracting power must be increased by adding to it a convex 
lene. The number of the lens which adapts the hypermetropic eye 
to vision at a distance with parallel rays, indicates at the same 
time by how many dioptrics the hypermetropic eye is more feeble 
than the emmetropic eye, and thus gives the measure of the 
hypermetropia. If the convex lens has 6 dioptries, the refracting 
power of the eye is feebler by 6 dioptries than the emmetropic 
eye, and consequently the hypermetropia is expressed by 6 D. 
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But the correcting lens shows ua yet another thing : if the ■ 
hypermetropic eye, which has need of convergent luminoua raya, 
BesB distinctly at infinity, through a convex lens, it follows that the 
convergence communicated, by the lens, to the parallel rays is 
exaxstly that of which the eye has need. Now, the lens causes 
parallel rays to converge toward its foaus, and the raya which the 
hypermetropic eye unites on its retina should converge toward its 
punetum remotum. 

The punetum remotum of the eye and the focus of the correcting 
glass should, therefore, coincide, and the focal distance of the 
convex lens, placed just in front of the eye, is therefore equal to 
the distance which separates the eye from its punetum remotum. 

The focal distance of the correcting lens being, in our example, 
■1-fi = 16 cm., the punetum remotum is situated at 16 cm. behind 
the eye. K we place the correcting glass at a certain distance in 
front of the eye, say at 2 centimeters, it should have a greater 
focal distance. In this case, the punetum remotum being situated 
16 centimeters behind the cornea, and the glass being 2 centi- 
meters in front of it, the focal distance should be 16 + 2 ^= 18 
centimeters, and ita power, not 6, but 5J dioptries {^^ = S.5J in 
order that its focus coincide with the punetum remotum. With 
respect to the eye, the action of the convex lens is the stronger 
the further it is removed from it. It is, therefore, important to ■ 
take into account the distance at which the correcting lens is 
placed from the eye. 

In practice we cannot always tell whether the individual brings 
his accommodation into play. This, however feeble it may be, 
diminishes the manifest degree of the hypermetropia ; it is for this 
reason that we should take aa the expression of the hyperme- 
tropia, the strongest convex lejts which adapts the eye to infinity ; 
that is to any distance beyond 5 meters. 

It is on this account that young hypermetropea who have yet 
possession of the full power of their ciliary muscles, and those 
whose hypermetropia is not very great, see perfectly well at a 
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dietance, and even quite close at hand, without the intervention of 
convex glasses. 

Causes of Sypermetropia. — Hypermetropia, which, aa we have 
Been, consists in this, that the principal focus of the dioptric 
media is situated behind the retina, can be produced by different 
causes. 

1st. The dioptric system of the hypermetropic eye may be the 
same as that of the emmetropic eye, but the axis of the eye may 
be too short, as represented in Fig. 13. I have given to this 
form the name axial hypermetropia (hypermetropie axile), and 
the sign H' indicates at once the nature of the ametropia and 
its cause. 

2d. The length of the hypermetropic eye may be the same as 
that of the emmetropic eye, but the refracting power may be too 
feehU, either on account of a diminution of the convexity of the 
cornea or of the surfaces of the lens, or on account of the absence 
of the lens, constituting hypermetropia from insufficient curvature 
(hypermetropie de courbure), H". 

3d. It may be that the index of refraction of the aqueous 
humor or the lens is diminished, constituting H'. 

The most frequent variety of hj^ermetropia is the axial form, 
that is to say, hypermetropia produced by an arrest of develop- 
ment of the eye in its totality, or in its antero-posterior diameter. 
These eyes are distinguished by their smallness and mobility. It 
is on this account that, when the eye is turned as much as 
possible toward the nose, and the lids are widely separated, we are 
able to see not only the equatorial portion strongly curved, but to 
see that the back part of the globe slopes quite suddenly toward 
the posterior pole. 

The second form of hypermetropia — hypermetropia from 
inauffMent curvature — is much rarer ; the cornea of the hyper- 
metropic eye being generally more convex than that of the 
myopic eye. 

There is, however, a hypermetropia produced by a depression 
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in the cornea as a conaequence of keratitie. H' also follows, 
Bometimea, as a result of the flattening of the cornea from the 
increase of intra-ocular tension, and from the flattening of the 
lens, in paralysis of the ciliary mnscle. 

It is hardly neceaaary for me to call your attention to the 
h3^rmetropia caused by the absence of the lena ; yon have all 
Been cases of luxation of the lens, and you see every day those 
who have been operated on for cataract armed with strong convex 
lenses, which correct the high degree of hypermetropia which 
follows extraction of the crystalline lena. Finally, the hyper- 
metropia which, is developed in advanced age, first demoDfltratad | 
by Dondera, should, perhaps, be referred to a flatness of the lew I 
as a whole in consequence of senile degeneration. It is an exam- 1 
pie of H'. 



Returning now to the experiment with the convex lens and 
screen, if, instead of advancing the screen on which the image of 
the flame is received, we remove it further away, we obtain again 
an indistinct image (6' a', Fig. 12). This is caused by the diverg- 
ence of the rays after their union at the focus, and this condition 
corresponds to that of myopia. We define myopia, therefore, as 
follows : — 

Myopia is that eondition of the eye in which the rtiina 
situated behind the foous of its dioptric apparatua; anv 
expressed in a general manner, we may say that the dioptric', 
tystem of the myopic eye is too strong, relative to its length. 

In order that the rays coming from the flame may be brought 
to a focus on the screen, it will be necessary either to render 
them more convergent by bringing the flame nearer (at K., Fig. 12), 
or, the flame remaining at infinity, to diminish the refracting 
power of the lens. 

So, in order to adapt the myopic eye to infinity, that is to say, 
to render it emmetropic, we naust diminish its refracting power. 



on 
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This can he accomplished by concave glasses ; and the number of 
the concave glass which allows the eye to see at infinity represents 
the degree of the myopia, because it shows by how many dioptries 
the refracting apparatus of the eye is stronger than that of the 
emmetropic eye. 

In taking account of the action of the correcting concave lens 
we will find again the same coincidence of its focus with the 
punctuTR, remotum of the myopic eye that we found in the case of 
hypermetropia. 

The myopia eye in a state of rest is adapted for ita punctum 
remotum situated at a certain distance in front of it ; in other 
words, in order to see distinctly, it must have rays diverging from 
its pwnctum remotum. Now, the action of a concave lens is to 
render parallel rays divergent, as if they came from its focus. 




When a concave lens adapts the myopic eye to vision at a dis- 
tance, it shows that that lens gives to parallel rays a divergence, 
as if they came from the punetum remotum of that eye. On 
this account, the focus of the correcting lens and the punetum 
remotum, R, of the myopic eye, coincide. If the eye requires 
a concave lens, No. 6, placed closa to the cornea (d ^ o, Fig. 
14} its punetum remotum, M, is situated at 16 centimeters in 
front of it, because the focal distance of this lens is equal to 16 
centimeters. 

If we place the correcting lens at 2 centimeters from the cornea 
[d ^2 centimeters), the focal distance LR should be 2 centimeters 
less, that ia, 14 centimeters, and the lens will then be not 6, but 7, 
dioptries [^ = 7 D). 
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Too Bee tttst it is by no ateum a matter of mdifferenoe as to 
where yon place tlie correcting la»; die farther tHe concave lena 
is from the eye the stroDger it most be, and vice veraa. Those 
among yon who use aHicare glaeaeB have donbtless frequently 
observed thai the cloeer they are approached to the eyes the 
BtroDger is their action. 

Since it is only necessary to measure the distance between the 
punetum remotum and the eye in order to know the degree of the 
myopia, we can determine this d^ree even without the intfir- 
vention of a lens. It is sufficient to cause the individual to read 
small print at the greatest distance he is able. In this mann^ we 
find the panctum remotum ; and the distance which separates this 
from the eye is the focal distance of the lens which gives the 
degree of the myopia. 

Suppose a myope to read vrithout any effort of the accommo- 
dation at a distance of 9 centimeterB. His myopia will be equal to 
11 D, because 9 centimeters represent the focal distance of 11 D 

In t^e determination of myopia we diould again take aooouut 
of the accommodation ; if this is not abscJutely suspended, the 
myopia will appear much higher than it is in reality, en account 
of the increase in the refracting power of the eye. It is for this 
reason that we should alwavs choose the feeblest concave lens which 
gives the best vision at a distance. In the direct determination 
we should take as the focal distance of the tens for correcting the 
myopia the greatest distance at which small print is read. 

Causes of Myopia. — Myopia, like hypermetropia, haa different 
causes for its production. 

1st. The eye may be too long for a dioptric system as strong aa 
that of an emmetropic eye ; axial myopia (myopie axile), M* 

2d. The dioptric system may be too strong, while the length of 
the eye remains emmetropic ; myopia from excessive curvature 
(myopie de courbare), M'. 
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3d. The index of refraction of the dioptric syBtem may be 
increased, M'. 

I. AXIAL MYOPIA, M». 

Myopia from an excessive length of the eye is by far the moat 
frequent form. You doubtless call to mind the protruding eyes of 
certain myopes, even when the myopia was of slight degree. 

As we said, in the second lecture, hypertrophy of the globe (if 
we can call it such) can attain to auch a degree that the eye is 
restricted in its movements. The lengthening is more pronounced 
in the direction of the optic axis by the formation of a staphyloma 
postieum, an ectasia in the region of the macula lutea which is so 
frequently a cause of myopia. 

II. MYOPIA FROM EXCESSIVE CUEVATURE, M". 

Myopia from excess of curvature is much rarer than the axial 
form, the cornea of the myope not differing generally from that of 
the emmetrope, having, indeed, frequently a longer radius of 
curvatura Examples of this kind of myopia are conical and 
staphylomatoua comew. 

We sometimes see an apparent myopia due to an excess of 
curvature of the lens, caused by a apaam of the ciliary muscle. In 
thia case the myopia disappears under the influence of atropine. 

III. MYOPIA PaOM AH IKCRBASB OF THE INDEX OF EEFRAO- 
TION, M*. 

Sometimes in the coarse of the development of a cataract we 
find a myopia which did not exist previously. It is due, without 
doubt, in such cases, to an increase of the index of refraction of 
the lens. 

We have seen, gentlemen, that the great majority of cases of 
ametropia is due to differences in the length of the eye, the 
dioptric apparatus remaining the same as that of the emmetropic 
eye. 
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From this it will appear that the expression ''anomalies of 
refraction," by which ametropia is usually designated, is not exact. 
Indeed, it is not the refraction, but the length of the eye which 
is abnormal in these cases. If we designate the axial ametropias 
by the name ''anomalies of refraction," we should always add 
mentaiUy, in rdaiion to thdr length. 
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Gentlemen : — In the different forms of refraction of the eye 
which we have hitherto studied it has always heen aapposed that 
its refracting surfaces were sphencal, a condition in which, since 
all the meridians have the same curvature and refract equally, the 
rays are brought to a focus in one and the same point. 

We have no need to speak of the eye as not being a perfect 
instrument in the strict sense of the- word. We seldom ever find 
an eye which fulfills, mathematically, the conditions of a perfect 
instrument. The departure from a spherical form is, however, in 
the majority of cases, so small that we can very properly neglect 
it, in practice. 

But frequently this inequality in the curvature of the different 
meridians of the refracting surfaces of the eye is so great aa to 
ofluence, in no inconsiderable degree, the acuteneas of vision, and 
t then constitutes a pecuMar form of anomaly of refraction which 

known as astigmatism. 

Astigmatism consists in an irregulariiy of the curvature of the 
dioptric surfaces of the eye, which deviate in various degrees from 
the normal spherical form. The refraction of an astigmatic eye 
is, therefore, not the same in its different meridians. It is 
atrongeat in the meridians with the strongest curvaturea, and 
most feeble in those where the curvature is least. 

We can imitate, artificially, this anomaly by means of a 
cylindrical lens. A cylindrical lens is one formed by a section of 
a cylinder of glass made parallel to its axis, or by two of these 
sections symmetrically associated. 
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A cat made acroas a convex or concave cylindrical glaae 
perpendicular to its axis presents, therefore, the form of Fig. 15 
or Fig. 16, while a, cut parallel to the axis has simply the form 
of Fig. 17, thicker or thinner, according as it is made nearer 
the border or middle line of the cylinder. The rays of light 
which paaa through the cylinder in a plane perpendicular to its 
axis are brought to a focua in the same manner as they are by 
all convex lenses, while those which pass in a plane parallel to 
the axis undergo no more deviation than if they had passed 
through a glass with plane parallel surfaces. 




The same is true of concave cylindrical lenses, which disperse 1 
only the rays which pass through them perpendicular to their I 
axes. 

Take, for example, the convex cylindrical lens No. 5 and 
combine with it a spherical convex No. 50, the refracting power 
ol which is nearly the same as that of the dioptric system of the 
0n, aince it unites parallel rays 20 mm. behind it. 

B«yB coming &om a luminous point at a great distance and^ 
BMRDg through this combination in a plane parallel to the axis of 
tlw ^iioder are aSected only by the spherical glass, the cylinder 
fUcrting oo influence on it in that direction, and they are brought 
(p « focus in a point 20 mm. behind the combination. 

Tll# rajFS, on the contrary, which pass through the ayBtean in a ^ 
jflMO'c fterpendicular to the axis of the cylinder will be affected by 
fMVtb Um! spherical No. 50 and the cylindrical No. 5, making. 
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together, 55 D ; they will be broaght to a focus, therefore, at 
i gg" = 18 mm, behind the lena, consequently 2 mm. in front of 
the point of union of the rays passing through the plane of the 
axis, and at a place where these latter form an imago of diffusion. 
On the contrary, at the focus of the rays which have passed parallel 
to the axis of the cyUnder, the rays of the plane perpendicular to 
the axis form an image of diffusion by diverging after their union. 

In the space comprised between the foci of the two principal 
MERIDIANS (that is to say, those meridians with the maximum 
and minimum of curvature) are to be found the foci and the 
images of diffusion of the rays which pass through the system in 
the intermediate meridians. 

From this it results that such a system can never furnish a 
distinct image of a luminous point. At whatever point we place 
the screen to receive the image, there will always be only one 
part of the rays which comra to a focus there ; the other makes an 
image of diffusion. If we place a cylindrical lens like the one we 
have mentioned in such a position that its axis is horizontal, and 
if the screen is 18 mm. behind the combination, then the vertical 
meridian only is adapted for the distance of the luminous point, 
and the image will be a horizontal line, because all the rays which 
have passed through the vertical meridian are united on the 
screen, while the others, especially those which pass through the 
horizontal meridian, form images of -diffusion. 

By removing the screen the line enlarges at the same time that 
it gets shorter, and the image becomes an elhpee with a long 
horizontal axis. If we continue to remove it, the long axis of the 
ellipse becomes shorter while the short axis becomes longer ; the 
image of diffusion assumes a circular form, to again become an 
ellipse, with its long axis vertical ; finally this ellipse grows nar- 
rower and narrower until it becomea, at 20 mm, behind the com- 
bination, a simple vertical line. In this last position the focus 
of the horizontal meridian is found on the screen. 

The image of a luminous point made by a dioptric system the 
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different meridians of which have different refracting powers, is, 
therefore, never a point, but a line, or an image of diffusion, 
elliptical or round in shape. 

This condition may occur in the eye. Suppose an eye, whose 
vertical corneal meridian has a curvature stronger than the hori- 
zontal ; this eye looking at a point will always see a horizontal 
or vertical line, or a diffuse luminous spot, but never a point. 
Prom this fact comes the name asttgmaiism (from a, privative, 
and <rrtCta, (fuyfia, a point,) which has been given to this anomaly 
of refraction. 

When, as in the example which we have taken, the curvature 
remains the same throughout the whole extent of the same meri- 
dian, the astigmatism is called regular. 

If, on the . contrary, not only the different meridians have 
different radii of curvature, but the curvature of the same 
meridian varies in its different parts, it is called irregular astig- 
matism. 

We would therefore define regular astigntdtism, to be that 
condition in which the refraction is different in the different 
meridians of the eye. It has its seat nearly always in the cornea, 
which, instead of being spherical, has the form of a sphere oom- 
pressed from two opposite sides. 

The principal meridians (most frequently the horizontal and 
vertical) are, in the great majority of cases, perpendundar to 
one another, and in that case the vertical meridian is nearly 
always the more strongly curved. The exceptions to this, 
however, are not rare. The principal meridians are frequently 
inclined, and sometimes we see the feebler curvature corresponding 
to the vertical. 

Returning now to our two combined lenses, let us apply their 
principles to the eye, in order to bring clearly before our minds 
the symptoms which ar^ manifest in the astigmatic eye, as well 
as the manner of determining and corrdcting thstt anomaly of 
refraction. 
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Suppose the eye to have a length of 20 mm., and that its 
dioptric system ia represented by the combination of a + 50 
spherical lens, and a + 5 cylindrical lena axis horizontal. The 
horizontal meridian of the eye will then be emmetropic, since 
the cylinder exercises no influence on the direction of the rays in 
the plane of its axis ; the spherical leaa alone refracts the light, 
and brings parallel rays to a focus at 20 mm. behind it, that is to 
say, on the retina. 

In the vertical meridian, on the other hand, the refraction of 
the eye ia 5 D stronger than that of the emmetropic eye. The 
eye has, therefore, a myopia of 5 D in that meridian. Bays 
coming from infinity are united in. front of the retina, and in 
order to see clearly, the object must be brought up to -^-J-"- =^ 20 
cm. An eye having this irregularity of refraction cannot see 
horizontal linea distinctly when thay are placed beyond 20 cm., 
the vertical meridian being adapted only for objects nearer than 
20 cm. A line can be considered as composed of an infinite 
number of points placed close to one another ; each of these points 
will form an image of diffusion in the vertical axis, and ail the 
points together will form a broad and ill-defined line. 

In order to see the horizontal line clearly, it must be brought 
up to 20 centimeters. Then the images of diffusion of the points 
which make up the line are horizontal, that is, in the direction of 
the line, consequently they overlap each other, while the rays 
which come from the vertical direction are accurately focused on 
the retina. The line, therefore, does not appear broader, but only 
slightly elongated, on account of the horizontal diffusion at its two 
extremities. 

The contrary takes place for a vertical line. It will be seen 
clearly at a distance because the horizontal meridian, perpendicular 
to its direction, is adapted to its distance, while it will be confused 
on nearer approximation because it forms images of diffusion in 
the horizontal axis. An eye of this kind will, therefore, never see 
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horizontal and vertical lines distinctly when they He in the same 
plane. If you place a black cross made on white paper before it, 
it will see either the one or the other line distinctly, according as 
the paper is approximated to or removed from it, or as its 
accommodation adapts the one or the other of its principal meridians 
to the distance at which the paper is placed, but it will never see 
the cross, as a whole, clearly and distinctly. 

It was this observation, among others, which led to the discovery 
of astigmatism, and which furnished a means for its determination. 

The astigmatic eye never has a perfect acuteness of vision, and, 
indeed, often presents a very high degree of amblyopia. When 
we have found a spherical glass which gives relatively the best 
visual acuteness, and when we have reason to suspect the exist- 
ence of astigmatism — the indications of which we shall see further 
on — ^we place before the patient a figure composed of black rays 
spread out like a fan on a white ground (Snellen, Green). It 
should be about 5 meters (16 feet) removed from the eye. While 
one eye is covered, and the other is armed with the lens giving 
the best vision (if a glass be required), we ask if all the lines 
appear equally sharp, black and broad. If the answer is in the 
negative we then ask which ray appears clearest, and which most 
indistinct. These rays will correspond to the two principal 
meridians, and are most generally perpendicular to each other. 

Since one of the two lines appears clear and distinct, the 
meridian which is perpendicular to it is adapted to the distance of 
that line, whether the patient sees with or without the aid of 
glasses. It only remains for us, therefore, to correct the ametropia 
of the other meridian. This is effected by means of a cylindrical 
glass, the axis of which is perpendicular to the meridian to be 
corrected, and which must be added to the correcting spherical 
lens. 

The cylindrical lens will be convex or concave according as the 
meridian to be corrected is hypermetropic or myopic; and the 
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cylinder wiicb, with the spherical lens, gives the beet vision, ia 
the correcting cylioder required. Its number gives the degree of 
astigmatism, that ia, the difference in the refraction of the meri- 
dians of least and greatest curvature. 

To verify the exactness of our esannination the patient is caused 
to look at the fan, and if the astigmatism ia corrected all the lines 
will appear of the same sharpness. 

Bonders has given the name of simple ostigmatiBm to that form 
in which one of the principal meridians is emmetropic, and makes 
a subdivision into simple kypermetropio and simple myopio astig- 
matism, according as the ametropic meridian is hypermetropic or 
myopic. 

The astigmatism is compound when both the principal meridians 
are ametropic but of the same character. Thus we see frequently 
an eye myopic in all its meridians have its myopia stronger in 
the vertical than in the horizontal meridian. An analogous 
condition is frequently found in the hypermetropic eye. In these 
cases we say, for instance, there is M. 5 D. + As. M. 1 D. in the 
vertical meridian, which is equivalent to saying that the horizontal 
meridian presents a M. of 5 D., the vertical a surplus M. of 1 D. ; 
a total of 6 D. Finally, the astigmatism is mixed when one of the 
principal meridians is hypermetropic and the other myopic. 

All these forms of astigmatism are of frequent occurrence ; the 
•mixed form, however, ia less common than the others. 

Simple astigmatism is corrected by a simple cyhndrical glass 
with the axis perpendicular to the ametropic meridian ; compound 
astigmatism by glasses which are spherical on one side and 
t^lindrical on the other ; and mixed astigmatism by bi-cylindrical 
glasses whose axes are perpendicular to each other. 

The first studies in astigmatism were made by Thomas Young* 

""PhiloBopbical Transactions," 1703, vol. 83, p. 169, and " MiscellaneouB 
Works " of the late Thomas Young, edited by Peacock, London, 1855, vol. 7, 
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(1793), who, himself aflPected with a very considerable astigma- 
tism, analyzed and corrected it in a manner as ingenious as it was 
exact. 

It is very curious that this first recorded case of astigmatism 
had, contrary to the rule, its seat not in the cornea, but in the 
lens. Airy * determined and described the compound myopic 
astigmatism with which he was affected. He wore a concave 
spherical combined with a concave cylindrical glass. 

Later (1845) Sturm f established the mathematical theory of 
astigmatism, and Stokes J invented, for its determination, his. 
well-known instrument composed of two cylindrical glasses, 
movable one on the other in such a manner as to produce a 
cylindrical lens of a variable strength. 

One of the most curious instances, from a historical point of 
view, is that of the curate Schnyder, of Menzberg, Switzerland, 
who had observed that he could not clearly distinguish horizontal 
and vertical wires at the same distance, and who corrected the 
infirmity by means of a convex cylindrical lens. § In 1852 
GouUier, professor in the School of Application of Metz, sent to 
the Academy of Sciences a sealed communication, which was 
opened on the 7th of August, 1865, and contained the explanation 
of astigmatism and the method of its correction by means of cylin- 
drical lenses. 

Since the invention of the ophthalmoscope, and the remarkable 
works of Bonders, Javal, Knapp and others, astigmatism has 
become as well known and understood as hypermetropia and 
myopia. 

It was by means of ophthalmometric measurements that the 

* " Transactions of Cambridge Philosophical Society," vol. ii, p. 267, 1827. 

t Comp. rend, de TAcad. des. Scien. de Paris, t. 20, pp. 554, 761, 1238 et Pogg. 
Ann. t. 65, p. 116. 

I " Report of the foitish Association for the Advancement of Science, for 
1849," p. 10. 

2 Comp. rend, de la Soci^t^ Guisse pour ]'Avancement des Sciences Notarelles 
et Ann, Doc, t. zzi, p. 222, 1849. 
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cornea was proved to be the principal aeat of aatigmatiam, and the 
School of Utrecht has been maioly instrumental in introducing 
into practice the methods which are employed for its determina- 
tion and correction. 



IRREGULAR ASTIGMATISM. 

While regular aatigmatiam, in spite of the difference in 
curvature of the various meridians of the refracting surfaces, 
presents a regular curvature in each meridiaa taken singly, 
irregular astigmatism consists in a difference of curvature in the 
different parts of the. same meridian. This anomaly of refraction 
may have its aeat in either the cornea or lens. 

In the case of the cornea the aatigmatiam is most frequently 
produced by inflammatory procesaes and ulcers which have left 
its surface of an irregular form. Flat, or even excavated parts, 
are often found by the side of partial ectasies, and frequently each 
small part of the cornea has a curvature different from that 
adjacent to it. 

The individual is sometimes more inconvenienced by such an 
irregularity of the corneal curvature than by leucomata, because, 
the light undergoing a very irregular refraction at the first 
refracting surface of the eye, the retinal image becomes in the 
highest degree distorted. No object is seen distinctly, straight 
lines sometimes appearing enlarged and blurred at certain parts, 
or showing inflections and irregularities of all kinds. It is 
evident that such an anomaly of refraction cannot be corrected by 
either cylindrical or any other kind of glasses, because it would 
be impoaaible to give to glaaaes a form similar to that of the 
irregular cornea. 

In such cases we can somewhat improve vision by a means first 
proposed by Dondera, Since the amblyopia here is due to the 
fact that the different parts of the cornea have different curva- 
tures and the rays of light passing through them are not united 
in the same place, only that part of the cornea can be utilized for 



110 



EXAMINATTOH OF THE EYE3, 



vision which has aa approximately spherical surface, by eliminating 
the othere. 

Thia end is attained by means of a diaphragm having a hole 
from 1 to 2 mm. in diameter, which is held close to the eye. The 
patient soon finds the position in which the stenopaic hole gives 
the best vision, and we sometimes find the advantage gained by 
t^is method by no means iaconsiderable. It is trae that the 
illumination is diminished on account of the exclusion of a great 
quantity of the light which, without the diaphragm, would enter 
the eye ; but, on the other hand, the distinctness of the object ia 
much increased, because the luminous rays which have passed 
through the hole and the corresponding part of the cornea are 
united to form a single clear image on the retina. 

A form of irregular astigmatism more important and morft 
common than that met with in the cornea is found in the lem, 
and np to the present time there are only two individuals who are 
known to have been exempt from it. Of these cases we shall 
speak further on. Thia irregular astigmatism is produced by the 
structure of the lens itself. You will remember that the lens is 
composed of many sectors, whose lines of separation form a kind 
of star, frequently visible by means of the oblique illumination, 
and especially pronounced in senile cataract. 

Now, the different sectors of the lens have not exactly the same 
curvature, and consequently the light which passes through them 
ia not brought to the same focus ; each sector forming a separate 
;e. Under ordinary eircumatances, and in cases where tha 
rregnlarity is not excessively developed, tha retinal images corre- 
sponding to the different sectors overlap each other, and we see 
the object single, though leas distinctly than if the lena had 
regular surfaces. 

In other cases the numerous images furnished by the lens pro- 
duce a polyopia monocularia, that is to say, the eye, instead ol 
seeing a single image of the object fixed, sees many. This phe- 
nomenon has been accurately observed and described by Vulpian 
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and Donders. The clasaical description whieh they have given of 
it is to be found in the memoira of the Society of Biology, for 
the year 1861, t. iii, p. 335 (Vulpian), and in " The Anoraaiiea 
of Accommodation and Refraction of the Eye," pp. 451-545, 1864 
(Donders). 

This polyopia becomes especially apparent when the eye is not 
adapted to the distance of the objetct that ia fiied, because then 
the images corresponding to the different sectors are separated 
farther from each other than when it ia accurately accommodated. 

Vulpian observed his polyopia pTincipally when looking at the 
crescent of the moon. Other observers, aa La Hire, Th. Young 
and Donders, have generally used a luraiooua point brought quite 
close to the eye. We can, according to Donders, easily produce a 
polyopia monocularis by means of a small globule of mercury 
placed on a piece of black velvet. The globule acta aa a very 
strong convex mirror, from which can be reflected a small image 
of any luminous source, such as the aun, lamp, etc.; this small 
image acting as a luminous focua from which raya diverge. By 
bringing the globule to within a few millimeters of the eye, instead 
of a single round image of diffusion we see numerous images, 
which, to a greater or less extent, overlap each other. These are 
the entoptic images furnished by the different sectors of the lens. 

It is this same irregularity in the structure of the lens which 
causes a luminoua point to appear to us aa if radiated. Indeed, is 
it not surprising that the luminous heavenly bodies, in spite of 
their spherical shape, make on the human eye, not the impression 
of round, luminous points, but the impreaaion of bodies with rays ? 
From thia circumstance we have the extension of the word etellute 
to all bodies presenting a similar appearance. This fact is a proof 
that human eyes have tor all time presented the aame irregular 
astigmatism. There are only two examples known of ^en having 
possession of their crystalline lenses that were exceptions to this 
rule. One was a tailor, named Schoen, of whom Alexander von 
Humboldt reported that the stars appeared to him aa points cleai'Iy 
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rounded. The other is in the person of one of my. own pupils. 
Mr. D. has never been able to understand why the stars are 
compared to figures with radiating lines. They appear to him as 
luminous points without any rays. The lenses of Schoen and 
Mr. D. must have been constructed with great exactness, or the 
irregularities of the anterior surface of the lens must have been 
neutralized by the irregularities of an opposite kind on the 
posterior surface. 

We are able, however, to put ourselves ,in conditions analogous 
to these fortunate men by looking at the stars through a 
diaphragm perforated with a small hole. In this way we deprive 
the stars of their rays, and reduce them to small, luminous points, 
because their images are formed on our retinae by only one of 
the sectors, or by a part of the lens which has approximately 
the same curvature throughout its whole extent; only, the 
luminous points appear less brilliant to us than they must have 
appeared to Schoen or do to Mr. D., since they saw them through 
the whole extent of their pupils, while we see them only through 
an excessively small pupil, the stenopaic hole in our diaphragm. 

The irregular astigmatism of the lens does not influence vision 
very much under ordinary conditions, but it can become a very 
serious obstacle in astronomical observations. Irregular astigma- 
tism renders it impossible to determine the exact point of contact 
of two bodies. 

Thus, if you close one eye and fix, with the other, the ends of 
the thumb and index finger and bring them together gradually, 
you will observe that before contact there will be formed between 
them a kind of drop, and that they appear to run into one an- 
other, as it were. 

This phenomenon is the result of the irregularity of the lens 
which we h^ive just been studying, and which prevents the forma- 
tion of images, absolutely clear, on our retinae, and, consequently, 
renders impossible the exact determination of the moment when 
the two fingers touch each other. 
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This fact attracted considerable attention in connection with 
the obeersation of the transit of Venua across the face of the 
aun. It was a question aa to how it "would be possible to tell the 
precise moment when the edge of the disc of Venus came in 
contact with that of the sun, and the moment when the two 
separated. 

It was Giraud-Teulon who, giving the explanation of the 
phenomenon, indicated the method to obviate it.* We have only to 
arm ourselves with a stenopaTc hole, in order to make the contours 
clear, and the difficulties are removed. If we place before the eye 
a card perforated with a hole 0.5 millimeter in diameter, we will 
see that the drop is not formed between the fingers. 

Irregular astigmatism changes with the alterations in the 
structure of the lens ; and it is especially observed during the 
formation of cataract. You frequently hear aged persona say 
that since a certain time the stars present more and longer rays, 
that such and such a star seema to have satellites, or that the moon 
appears multiple. In such cases you will nearly always find 
opacities of the lens on examination with the oblique light. 

After a successful operation for cataract, irregular astigmatism 
disappears, but only to give place, in many eases, to a regular 
astigmatism coming from a change in the form of the cornea, due 
to the cicatrization of the wound. This astigmatism can, however, 
be corrected in the majority of cases by cylindrical glasses, while, 
for irregular astigmatism there is, aside from extraction of the 
lens, no remedy but the atenopaio hole. 

• Ann. d'occul, t. liviii, p. 39, 
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LECTURE YIII. 




THE CAUSES OF AMETROPIA. 

Gentlemen ; — As many of yon have expressed a desire that 
should consider yet further the oausee of ametropia, I take 
opportunity to give a goueral outline of the various causes whicU 
may render an eye araetropic, and of the manner in which I would| 
have the matter cooaidered. 

You will remember that in all questions pertaining to the opi 
of the eye we take, as a standard, the emmetropic or normal e; 

The emmetropia eye is one in which the retina is at the foci] 
its dioptric system. Its usuaJ length is 23 millimeters ; hut 
ia hy no means a characteristic of emmetropia, which is in reality 
only a relation between the length and the refracting power of the 
eye. We can easily conceive of an eye shorter than 23 milli- 
meters but possessed of a more than usually strong refracting 
power ; or of one longer with a dioptric system of leas power. Ia 
both of these cases the retina, may be found in the focus of tl 
dioptric system, and the eye, consequently, he emmetropic. 

When the retina ia not found at the focus of the dioptric system 
the eye is ametropic, and it may appear under two forms : — 

a. The retina may he in front of the focus (bypermetropia). 

b. The retina may be behind the focus (myopia). 
These anomalous conditions can be produced by a variety 
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Causes of Hypermetropia. — In hypermetropia, as we have said, 

rays are united behind the retina. The hypermetropic 

eye, therefore, possesses a refracting power too weak in relation to J 

tte length. 
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This may be due to tlie fact thst, while poaseasing a dioptric 
syslem equal in ita refracting power to the enjtoetropic eye, it is 
shorter than normal. We call this fomi axial hypermetropia, H*. 

On the other hand, an eye which has the same length as an 
emmetropic eye will be hypermetropic if its refracting power is 
too weak to unite parallel rays on tie retina. This ia refractive 
hypermetropia, H'. 

The dioptric system of the human eye being more constant than 
its length, axial ametropia is more frequent than the refractive 
form, althoogh a difference in the radius of curvature of the 
cornea has a much greater influence on the refraction than a 
similar difference in the length of the ocular asia. 

The animals which we have examined as regards their refrac- 
tion by means of the ophthalmoscope, snch as frogs, rabbits, cats, 
dogs, etc., are all hypermetropic, sometimes as much as three or 
four dioptrics (about No. 10 of the old system). This fact ia the 
more surprising as their ciliary rausciea are not well developed, 
and it is highly probable, therefore, that they cannot accommodate 
accurately for objects close at hand. 

Infanta are, in the majority of cases, hypermetropic, even many 
of those who afterward become emmetropic and myopic. The 
ophthalmometric measurements of Bonders and others have 
proved that the cornea is not generally less convex than that of 
emmetropes and myopes. We are, therefore, warranted in con- 
sidering hypermetropia, in the majority of cases,- aa an arrest of 
development of the globe of the eye. 

We class also as axial hypermetropia the hypermetropia which 
we find at the peripheral parts of the retina, even in those eyes 
which, in the direction of their axes passing through the macula, 
are emmetropic or myopic. These parts are closer to the cornea 
than those situated in the line of the principal axis of the eye. 
Finally, we have, aa striking examples of axial hypermetropia, 
that which is caused by tumors under the retina, detachment of 
the retina and optic neuritis. 
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Sefractive hypermetropia may be due to an insufficient 
convexity of the refracting surfaces, cornea and lens (hyper- 
metropia from an anomaly of curvature, H*), or to a diminution 
of the index of refraction of the aqueous humor or crystalline lens, 
or to an increase in the refraction of the vitreous humor 
(hypermetropia from insufficiency of the index of refraction, H*). 

H® has been demonstrated by Bonders, Mauthner and others, 
in cases of flattening of the cornea in kerato-malacia, and 
ulcerations of the cornea resulting in a lessened curvature. It is 
found in advanced age (beyond 70 in emmetropia), most probably 
in consequence of flattening of the lens. We may also class under 
this head cases of simple hypermetropic astigmatism, where one 
meridian is hypermetropic and the other emmetropic. 

n^ is represented in aphakia and dislocation of the lens. 
The hypermetropia of advanced age is also, probably, due, in part, 
to the lessened index of refraction of the lens as a whole, caused 
by the corticalis becoming more nearly of the same density as th^ 
nucleus. 

In certain exhausting diseases, such as diabetes, the index of 
refraction of the lens may undergo a modification. The hyper- 
metropia often found in the glaucomatous condition is due to a 
lessening of the curvature of the cornea, from increased pressure 
from within, which causes the eyeball to approach, in form, more 
nearly to a perfect sphere. It is H'. 

Caibsea of Myopia. — Myopia, according to the definition we 
have given, is due to an excess in the length of the eye in relation 
to its refracting power. In such a condition, parallel rays are 
brought to a focus in front of the retina. 

We here, likewise, distinguish two forms (a), an axial myopia, 
M*, in which, the dioptric system being the same as that of the 
emmetropic eye, the axis is longer than that of the emmetropic 
eye (23 mm.), and (6) a refractive myopixi, M', where the length 
of the eye is normal, but its refractive power too great. 

Axial myopia, M^, may be congenital, and due to an exaggerated 



CAUSES OF MYOPIA. 117 

development of the eye, or it may be acquired, and caused by 
diseaaea which bring about an elongation of the globe in ita 
antero-posterior diameter, such as choroiditis, ataphyloma poaticura, 
etc. These two forms are very frequent. 

You wiU find, in nearly all treatises on ophthalmology, myopia 
described as a serious disease which is liable to bring about 
choroiditis, alterations at the macula, staphyloma posticum, and 
even choroidal hemorrhages, and detachment of the retina. 

Properly apeaking, myopia is not & disease, it is only a ayraptom 
indicative of a discrepancy between the length of the eye and the 
focal distance of its dioptric apparatus. It ia not the myopia 
which produces the choroiditis and ataphyloma posticum, it is 
the choroiditis which brings about the ataphyloma posticum, which 
in ita turn removes the retina beyond the focus of the dioptric 
system. 

Thus the defeadera of the theory generally accepted in regard 
to myopia will be much embarrassed when they are shown a hyper- 
metrope with a crescent at the edge of the optic disc, a papilla 
obliquely placed, and even with a staphyloma ; in a word, with all 
the conditions at the fundna of the eye which are theoretically 
characteristic of myopia. According to our manner of looking at 
the matter there is no difficulty in explaining this condition of 
affidrs. In fact, no eye ia safe from an attack of choroiditis 
posterior; the emmetropic and hypermetropic eye can be affected 
as well as the myopic, because it ia not the state of the refraction 
that is the cause of it. At the beginning the morbid process is 
not auffieiently intense to bring about all the unfortunate conae- 
quences we have mentioned, the sclerotic does not give way, there 
is no staphyloma, and if a staphyloma does form in a strongly 
hypermetropic eye, it will lessen the hypermetropia and render it 
emmetropic, and it ia not always the case that the ataphyloma ia 
80 extensive as to change a hypermetropia into a myopia. 

In this way we can account for the fact that the same work, 
the same fatigue of the eye, undue approximation of objects, work 
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under insufficient illumination, the use of concave glasses, etc., do 
not entail myopia upon the millions of individuals who are daily 
exposed to these injurious influences, while in others myopia is 
developed even with a moderate use of the eyes, and progresses in 
spite of a cessation of the work. These facts cannot be explained 
so long as myopia is looked upon as a disease 'p&r se. It should be 
looked upon in these cases as a symptom of a choroiditis posterior, 
for which we must endeavor to find a cause, and this is often found 
in some general morbid condition. It is evident that myopia will 
be developed more rapidly, and attain to a high^ d^ree, in eyes 
that are already relatively long, emmetropes and slight myopes, 
such as we frequently find in connection with an undue develop- 
ment of the orbit and skull in the antero-posterior axis. Thus 
race becomes a probable factor in the development of myopia. 

M' — myopia from excess of refraction — can be divided into 
myopia from excess of curvature, M', and myopia from excess of 
index of refraction, M^ 

An increase in the curvature of the cornea is not very frequent, 
but more frequent, however, than is commonly supposed. It is 
very pronounced in conical cornea and anterior staphyloma. Thus 
the anterior and posterior staphyloma act together to produce M ; 
the first principally by increasing the curvature of the cornea, the 
last by increasing the length of the eye. 

The myopia which an emmetrope produces when he accommo- 
dates for near objects is an example of M^. In luxation of the 
lens, the curvature of its surfaces is increased, since they are 
removed from the action of the zone of Zinn, which keeps them 
flattened. Under the same head must be ranged the myopia 
which Jager has found in new-born infants, and which he attributed 
to a disproportion between the development of the lens and that 
of the ciliary muscle. 

As M* we must class those cases where the index of refraction 
of the lens has been increased by age, a condition which, in this 
case, counterbalances the flattening of the cornea. This form of 
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myopia is also seen at the beginning of cataract* We are not 
aware that a diminution of the index of refraction of the vitreous 
humor has ever been observed, but aucb a condition would cause 
a myopia of tbia kind. 

Diagnosis of the Causes of Ametropia. — la it possible to 
discover in the living eye, in any given case, tha cause of \\s 
ametropia? It is assuredly not difGcult to determine whether an 
eye is emmetropic, hypermetropic or myopic, and even the degree 
of its ametropia, but it is a much more difficult matter to discover 
the cause of tlie ametropia when found to exist. 

In order to find, for example, if an eye with a given myopia . 
is longer than an emmetropic eye, or if, its length being normal, 
its refracting surfaces are too conveXj or finally, if it is its index 
of refraction which has increased, it is necessary to determine the 
length, curvature and index of refraction of that eye, or, at least, 
two of the three factors from which we can deduce the other. Is 
such a determination possible during life? Yes, it is possible, 
but not always easy. 

Physiological optics has the means of measuring and calculating 
with very great exactness all the data pertaining to the refraction 
of the eye, but they are not always applicable in ordinary practice. 

I. As regards the length of the eye, we can judge of it 
approximately in the very easy and simple manner which we have 
already mentioned. Open the lids widely and draw them some- 
what outward, aud cause the patient to look as far as possible to 
the opposite aide. We are in this way enabled to judge, both by 
sight and touch, of the length of the eye and the form of its 
posterior portion. This simple examination, rough though it may 
seem, will give very important indication to one who will practice 

•The "Hecond siglit" of old people, of which almoat every community 
fiiniisbeG nn inatsnce. ie due lo the development of M, either from an increase in 
the index of refraction of ihe lens or a lengthening of the ante ro* poster) or axiti. 
There IB, in such cnaes, no rejuveneacence. The individuals are enabled to see 
near at hand without the aid of the glasses they formerly used, but tbia power is 
acquired at (he expense of good distant vision. Bee paper in Amer, Jour. Mtd. 
Sei,, April, 1877.— Tranalator. 
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it often. Very frequently axial myopia of very low degrees can 
be made out by it. 

In the second place, we have the ophthalmoscope, which shows 
us the displacements which the rfetina suffers ; whether a neoplasm 
or hemorrhage pushes it forward, and thus produces an axial 
hypermetropia, or whether it is pushed backward, as in staphy- 
loma posticum, thus causing myopia. It may be well to say that 
I apply the term staphyloma posticum only to true ectasias, and 
not to the small crescentic pigmentary atrophies at the edge of 
the optic disc. 

A true staphyloma producing a difference between the level of 
its base (the macula) and the neighboring parts, is characterized 
by the difference in the refraction between its centre and its edge ; 
frequently by the form of the vessels, which appear to bend in 
descending into the excavation ; and finally, by the oblique 
position of the papilla, in the very common cases where it is 
involved, in part, in the ectasia. The binocular ophthalmoscope 
renders good service in enabling us to appreciate the real depth 
of the staphyloma. 

In 1873 I pointed out a method, at the Ophthalmological 
Congress in Heidelberg, which could be used for determining the 
length of the eye. It is, however, too complicated to be acceptable 
in practice. Recently Nagel has brought forward another method 
for the same purpose.* 

II. The measurement of the curvature of the cornea and the 
other refracting surfaces of the eye cannot be made otherwise 
than by means of the images of reflection which these surfaces 
furnish. 

The ophthalmometer, as is well known, is the means employed 
in making these measurements. 

This instrument enables us to measure the different refracting 
surfaces of the eye with an exactness that will never be equaled 
by any other method of measurement. But the ophthalmometer 

♦ OerUraibkUt f. Praxs. Augenheilk, Mai, Juin, 1878. 
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of Helmholtz is • not eaaily manipulated, and ia rarely at the 
disposition of the practitioner. 

I have myself constructed an opbthalmometer, based on the 
principles of my diplometer, which ia more simple and much 
.easier managed than that of Helmholtz. By means of this 
instrument we can measure the curvature of the cornea with so 
mach exactness {the image of reflection can be measured to ^ of 
a milhmeter) that a knowledge of the curvature of the cornea can 
always be in the hands of the practitioner. And you must 
remember that this is the most important surface of the whole 
dioptric system, since it separates the air and the refracting media 
of the eye; two media whose indices of refraction differ more 
widely than those of the aqueous humor and crystalline lens. 
From this fact, the influence of the curvature of the cornea on 
the course of the raya coming into the eye ia much greater than 
that of the crystalline lens. 

It is otherwise for the surfaces of the lens. The ophthalmometer 
19 not applicable for these measurements, and the procedures 
which could be used for them are very complicated, both as to 
their execution and the calculations which they require. But if 
we know that an ametropia is due to an anomaly of curvature of 
some of the refracting surfaces, we have only to determine the 
curvature of the cornea ; if this is normal, it ia the lens which is 
at fault. When, on the other band, the curvature of the cornea 
already gives an explanation of the ametropia, we have no need to 
occupy ourselves with the lens. 

In practice, however, we have, in certain cases, an indirect 
means of knowing whether an ametropia ia to be attributed, or not, 
to the form of the lens. Thia is atropinization. If a myopia dis- 
appear under the influence of atropine, we know that it is due to 
an anomaly of curvature caused by undue convexity of the anterior 
surface of the lens. This, however, ia not a case of pura myopia. 
The myopia which is caused by spasm of accommodation is called 
a^^rent. It ia only a true ametropia from anomalous curvature 
9 
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when the lens retains ita convexity after the paralysis of accom- 
modation. 

If we find a myopia with loss of accommodation, brought about 
snddenly through a trauma, or even without assignable cause, we 
may know at once that there is a partial luxation of the lens, 
which, being brought out from under the action of the zone of 
Zinn and left to its own elasticity, assumes a more convex form, 

ni. It is not possible to practically determine the index of 
refraction of the aqueous humor, the lens and vitreous humor, but 
the researches in physiological optics have shown that the index ■ 
of refraction of the dioptric media vary but little, and that it iafl 
essentially the same in all healthy eyes. 

The only known exceptions to this rule are : Ist. General 
diseases accompanied by great loss of the nutritive fluids c 
body, as diabetes, Bright 's disease, excessive hemorrhages, etc. ^ 
2d. Changes in the structure of the lens, especially those accom- 
panying age and the development of cataract, changes which are 
revealed, by means of the ophthalmoscope, through a brighte 
reflex from the surface of the lens. 

The fact that in the great majority of cases the index of refrao^B 
tioa of the eye can be considered as constant, very materially! 
■unplifiea our differential diagnosis. In fact, it is usually onlyj 
oecesBary to determine whether a given ametropia is to be attributed"! 
to an anomaly in the length of the axis of the eye, or an anomaly I 
in the curvature of its refracting surfaces, and one of these facto 
being known we have, of necessity, the other. 

Take, for example, an eya in which we have found a hy] 
m^tropia of four dioptrics. If the individual ia not affected with J 
one of the general diseases we have mentioned, we have only to flnd] 
the length of the axis of the eye ; if it is shortened we know that 
wt have to do with an axial hypermetropia, and not with a hyper- 
mairopia from lessened curvature, and there will be no need to 
ronninirr the curvature of the cornea and lens. In cases where we 
, to discriminate between a hypermetropia from defldent 
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carvature of the cornea and of the lens, we can measure the first 
directly, and by exclusion arrive at the condition of the latter. 

On the other hand, if we know already that a myopia is due to 
an excess of curvature of the cornea, we lose no time in useless 
therapeutics, while, on the other hand, excellent results are ob- 
tained from continued atropinization, in cases where the myopia is 
caused by an undue convexity of the lens (spasm of accommoda- 
tion). Finally, if we are dealing with that form of progressive axial 
myopia of which we have spoken previously, we must not expect 
any great results from atropinizationj but should direct our atten- 
tion to the choroiditis and sclerotitis posterior, and the general 
conditions which favor their production. 

We do not assert that all cases of ametropia are so simple as 
those related, and that each case can he referred to a single cause. 
It is evident that many influences can concur in the production of 
any single case ; but this does not invalidate the general fact that 
there are many forms of ametropia distinctly marked, and several 
very clearly distinguishable causes; and if account is taken, in 
each case, of the form and cause of the ametropia, our opinions 
concerning the prognosis and the therapeusis of these afi'ections 
will certainly be aa exact aa they are in the cases that occur under 
ordinary circumstances in other departments of practice. 
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LECTURE IX. 



ACCOMMODATION. 

Gentlemeti : — As with all optical instruments, the dioptric 
apparatus of the eye can furniah distinct images of objects only 
when they are situated at one and th« same distance. When the 
distance is changed the apparatos must be modified. 

In a condition of perfect repose the eye poasesaes its minimi 
power of refraction (which we will call r). It is then adapted, 
we have said, to the greatest distance at which it is able to 
that is to say, to its punctum remotum. If we call this distance 
R, we have as the expresaioa of the refracting power of the eVe 
in a state of rest, r = ~, 

The emmetropic eye, therefore, in a condition of complete 
repose, is adapted for objects situated at infinity, and cannot see 
those objects distinctly which are near at hand. Its R is at infinity, 
consequently r is = A- ^ 0. 

The hypermetropic eya is adapted for a point beyond infinity, 
that is to aay, for rays converging toward its punctum remotum 
{n^ative) situated at a distance — R behiad it ; r is therefore 
negative (— i = — r). 

The myopic eye, whose punctum remotum is situated at a 
certain distance in front of it (+ E) is adapted for that distance ; 
its r is positive (- =^ + r). 

An eye, in a state of repose, does not see at a, nearer distance 
than its punctum remotum, because its dioptric apparatus is too 
feeble to bring the rays coming from the objects at that distance 
to a focus on the retina. 
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Take as an example an emmetropic eye (Fig. 18). Its pi nctum 
remotum being at infinity, that eye is adapted for parallel rays, 
It will not see closer, for example, than the point P. The rays 
coming from P are united, as you see, behind the retina at n-. In 
order that they be united on the retina, it is necessary either to 
render parallel the divergent rays coming from P, or to increase 
the refracting power of the eye to such a degree that it shall unite 
them on its retina in <p", and not in ir. 

If you place in front of the eye a positive lens whose focus is at 
P, it will render the rays coming from P parallel, as if they came 
from K, that ia to aay, from infinity. The emmetropic eye by the 
aid of this glass will, therefore, see as well at the short distance 
P as it does at infinity without a glass. 

Now, we are able to see near at hand as well aa at a distance, 
and that, too, without the intervention of a convex lens. It is 
necessary, however, that a certain time — short, it is true, but still 
appreciable — elapse in passing from the fixation of an object at a 
distance to one close at hand. We can even feel, especially when 
the change ia effected suddenly, that the eye makes a certain effort 
in altering its fixation. Daring thia time the eflbrt which we have 
ant forth has added to the dioptric system the convexity necessary 
to enable us to see near at hand. The increase in the refracting 
power necessary to change the adaptation of the eye from r to jj, 
an increase which we saw the convex lens bring about in a condi- 
tion of repose, is effected in the eye iteelf. It is the crystalline 
ens which undergoes the change of form necessary to accommodate 
the eye for objects close at hand, l^o one at the present time 
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deputes the &ct that the accommodation ia due to an increase in 
the convexity of the lena. The proofs are too numerous and too 
■well kaown for me to recount them to yon here. 

As to the manner in which this increase in the curvature of the- 
lens is brought about, experiment has demonstrated the following : — 
The accommodation ia effected by means of the contraction of 
the ciliary musGle. This muscle is situated in and beneath the 
ciliary body. It takes its origin in the tissue of the choroid, and 
ia inserted in the border of the canal of Schlemm (S, Fig 19), 
P,Q ig_ which forms the fixed point when 

the muscle contracts. By ita con- 
traction the ciliary muscle causes 
i ciliary body to advance. The 
zone of Zinn, which ia attached to 
the ciliary body, is relaxed, and the 
lens which had been mora or less 
flattened by the tension of the zone 
oJ' Zinn, is left to its own elasticity, 
and assumes more nearly the foriBil 
of a sphere. 

It is the anterior face of the len*| 
which is principally affected by thiBj 
change, becoming more convex ; the"' 
posterior face, incased in the vitri 
ous humor, preserves its form al- 
most unaltered. In this manner the 
lena adds to itself, so to speak, 
positive meniscus, which has 
same effect as the convex lens pla< 
in front of it, that is to say, it increases its power of refraction, 

If there existed a muscle which would increase the tension rfi 
the zone of Zinn, its action would be to flatten the lens, and ia' 
this case there would be a diminution of refraction, or in 
words, accommodation for objecta situated beyond ita pu 
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remotum. Such a muscle would be of great service to myopes, 
but unfortunately it bas no existence, and there can, consequently, 
be no negative accommodation. When the lens is flattened through 
relaxation of accommodation, it is only abandoned to the elasticity 
of the zone of Zinn. The action of the ciliary muscle is confined 
to increasing the curvature of the lens ; accommodation can only 
be aative and for near distances. 

The nearest point for which the eye can accommodate itself is 
called the punetum proximum (P). The distance between the 
punctnm remotum and punetum proximum is called the range 
of accommodation. It is the distance over which the eye has 
command by the aid of its accommodation. The force necessary 
to change the eye in its adaptation irom its punetum remotum (r) 
to its punetum proximum (p) is called the amplitude of accom.mo- 
dation (a). Consequently, the amplitude of accommodation (a) is 
necessarily represented by the difference in the refraction of the eye 
in a state of complete rest, and at its maximum of accommodation — 



H. 



Since the accommodation has the same effect as a convex lena 
which would enable the eye deprived of its accommodation to see 
at its punetum proximum, we can express the accommodation by 
the number of this lens. The aeconmiodation ia, therefore, equal 
to a convex lens which would give to rays coming from the 
pouctum proximum a direction as if they came from the punetum 
remotum. What will be the power of that lens ? 

We have already said that, for the emmetropic eye the focus of 
the lena should coincide with the punetum proximum, since it 
should render parallel the divergent rays coming from that point. 
Its focal distance is, therefore, equal to the distance which 
separates the punetum proximum from the eye. If this distance 
ia 25 centimeters the lens will have a refracting power of 
■^yt = 4 D ; the amplitude of the accommodation (a) will be 
= 4D. 
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The whole of this refracting power serves to adapt the eye for 
poeitive pointe situated within infinity. We call this positive 
refracting power -p. We have, therefore, for the emmetropic eye — 

fl=?-0=iP. (1.) 

In order to determine the amplittide of accommodation of an 
emmetropic eye we have only to find the shortest distance at 
which the individual can read the Bmallest printed characters.* 
This distance ia the focal distance of the lens corresponding to 
the amplitude of accommodation. If we divide 100 by this dis- 
tance expressed in centimeters we have the number of dioptries 
which, for emmetropia, expresses both the amplitude of accom- 
modation a and its positive refractmg power -p. If you are emme- 
tropic, and look at a distant object through a concave lens, you 
experience the same fatigue aa when you fix an object close at 
hand. The concave lens causes the parallel rays to diverge, aa if 
they came from a point nearer at hand, the focus of the lens, in 
feet. In order, therefore, to see through this concave lens the eye 
must put in play the same accommodative power aa when it looks 
at an object at the focus of the concave lens. Its accommodation 
moat overcome the influeace of the concave lens by increasing tha 
refracting power of the eye precisely in the same degree as tba 
negative lena diminiahes it. 

We can, therefore, likewise determine the accommodation by 
means of a oojioaue glass. The strongest negative lens through 
which an emmetropic eye can jet see clearly at a great distance 
measures the amplitude of its accommodation. An emmetropic 
eye which can overcome a No. 11 concave in looking at a distance 
has an amplitude of accommodation of 11 D, and its punctual 
proximum is situated at Yi"" ^^ 9 cm, in front of the eye, since 
the concave lens causes parallel rays to diverge as if they came 
from its focus (9 cm. behind it). 

Thz Accommodation of Bypermetropea. — The hypermetropio 

•See Lecture on The Acul«ness of Vision. 



i 



I 

I 



ACCOMMODATION. 129 

eye presents, in a condition of repose, a deficiency of refraction. 
The r which representa thia deficit is, conaequently, negative 
( — r). To see at infinity, or, in other words, in order to become 
emmetropic, the hypermetrope has need of a convex lena, or an 
effort of accommodation equal to his deficiency of refraction. 

A hypermetrope who wishes to see at the same distance as an 
erametrope has, therefore, to employ a part r of hia accomraodar 
tion more than the emmetrope. In expressing the amplitude of 
accommodation, the power necessary to adapt the hypermetropic 
eye to infinity must evidently he added to that which changes the 
adaptation from infinity to the punctum proximain. We write, 
therefore, for the amplitude of accommodation of hypermetropia — 

a = p — ( — t) ^ p + r. (2.) 

What is the amplitude of accommodation of a hypermetrope of 
3 D whose punctum proximum is situated at 20 cm. ? He has 
need, to begin with, of 3 D ^ r in order to render him 
emmetropic, and to adapt an emmetropic eye to 20 cm. there is a 
further need of 5 D (-1^ = 5). His amplitude of accommodation, 
therefore, amounts to 

Up to what distance can a hypermetrope of 4 D read who has a 
power of accommodation of 7 D ? Of these 7 D it requires 4 for 
him to see at infinity, and there only remain 3 D which can be 
used for near vision. His punctam proximum is, therefore, 
-l-J^ =: 33 cm. From equation (2) we have, then, p ^ a — r. 
You see, therefore, that a hypermetrope of 4 D, though passeasing 
an amplitude of accommodation of 7 D, can see no nearer than an 
emmetrope who possesses an amplitude of only 3 D. Inversely, 
if an emmetrope and a hypermetrope see at the same distance, the 
latter has the greater amplitude of accommodation. Take a 
hypermetrope of 5 D and an emmetrope, both having their puncta 
proxima at 16 cm. In order to see at that distance the emme- 
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trope has need of -^^ =: 6 D ; the hypermetrope of 6 + 5 = 
11 D. 

The Accommodation of Myopes. — In order to see at the same 
distance as an emmetrope the myopic eye has need of less 
accommodation, because, already in a condition of repose, the 
myopic eye is adapted to a distance for which the emmetropic eye 
has to accommodate. In order to find the amplitude of accommo- 
dation of a myope it is necessary to subtract the refracting power 
(+ r), by which the myope surpasses the emmetrope, from that p, 
which would adapt the emmetropic eye to the punctum proximum 
of the myope — 

a=p — r. (3.) 

A myope of 12 D who sees up to 6 cm. {p = ^^ = 16 D) has 
an amplitude of accommodation of 16 — 12 = 4 D ; and a 
myopic eye of 4.5 D which disposes of 5.5 D amplitude of accom- 
modation has its punctum proximum at 10 cm., because the totality 
of its positive refracting power is composed not only of its ampli- 
tude of accommodation, but also of its myopia, which together 
amount to 5.5 + 4.5 =: 10 D, and which corresponds to a focal 
distance of 10 cm. (p = a + r). . 

CONVERaENCE AND STRABISMUS. 

The accommodation is not the only factor which comes into 
play in near vision; account must also be taken of the 
convergence. 
• The closer an object is approached to the eyes, the stronger 

must be the accommodation and the convergence, in order that 
there may be distinct and binocular vision. In looking at a 
distance, on the contrary, the two muscular eflForts diminish pari 
passu. 

These simultaneous actions of the muscle of accommodation and 
the internal recti muscles are so intimately associated, the one 
with the other, that they can scarcely be ^flfected separately ; it 
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is extremely difficult to converge without accommodating or to 
accommodate without converging. If we could direct the eyes 
parallel, as for vision at a distance, and make at the same time an 
effort of accommodation, we could unite stereoscopic photographs 
in single image without the aid of a stereoscope. This experiment, 
however, can only be successfully carried out after a long practice, 
and a given degree of convergence corresponds ordinarily to an 
equal quantity of accommodation.* 

It is for this reason that the punctum proximum of a single eye, 
the punctum proximum •monocularis, is a little closer than the 
punctum proximum hinoaularia. A single eye can accommodate 
for this near point by means of an increased convergence, during 
which the visual line of the other eye passes to the inuer side of 
the point of fixation. To this increased convergence corresponds 
a higher degree of accommodation. 

It is this intimate relation between accommodation and converg- 
ence which produces most frequently the convergent strabismus of 
hypermetropes and possibly the divergent strabismus of myopes. 

It was Bonders who first called attention to the fact that the 
great majority of persons affected with convergent strabismus 
are hyper me tropes, and that for the higher degrees of hyper- 
metropia strabismus becomes the rule. He explains the fact in 
the following manner : the hypermetrope has always need of his 
accommodation ; for objects near at hand this effort becomes more 
and more difficult ; involuntarily he has recourse to an excess of 
convergence, because he can thus accommodate for a nearer point. 
But since he converges more than the object fixed requires, he 

* The correlation between convergence and accommodation ia not, liowever, 
absolute. The e^iperimcnts of Dunders and Loring have shown that the two ejee 
can see dUtmctly at theaame distance, even when weak concave or convex Kl^sses 
are used. Conaequentlj, without a change of convergence the accommodation 
can be modified. Likewise, in placing a feeble prism in iront of one eje, the 
angle of the prism being turned outward or inward, we are etill able to have 
binocular vision at the same distance. This proves that the convergence can 
rar7 up to a certain point without a modification of the accommodation. The 
amplitude of accommodation which is possible for the same convergence, is 
called the rdatist amplitude of accommodation. 
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cannot see with the two eyes at once. One eye or the other is 
deviated inward, in such a manner that the visual line passes to 
the proximal side of the object fixed, while the other fixes it 
accurately. In this way the foundation is laid for a convergent 
strabismus. 

This becomes habitual if the hypermetrope continues near work 
without supplementing his accommodation by the employment of 
convex glassea. One fact which speaks strongly in favor of this 
explanation of the origin of convergent strabismus is, that recent 
cases of strabismus are cured by the simple correction of the 
hypermetropia by means of convex glasses. 

Donders explains in an analogous manner the tendency to 
divergent squint which is found in myopea. A myope demands 
but little accommodation. Uow, we can most easily relax the 
accommodation by converging as little as possible. When this 
tendency is pushed to excess it ends in the exclusion of one eye 
from vision, and renders the Tisual lines for near vision nearly 
parallel, and for distant vision divergent. This is the beginning 
of the strabismus divergens wTiich shows a tendency to increase, 
eepecially when it is confined to one eye. 

Possibly the divergent strabismus is but an exaggeration of the 
insufficiency of the internal recti, of which we have spoken in the 
fifth lecture, an insufficiency which ie itself only the result of 
fatigue of these muscles. 
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LECTURE X. 



THE INFLUENCE OF AGE ON THE AMPLITUDE OP 
ACCOMMODATION. 

GElTTLEMEif : — We have aaid that the accommodation depends, 
on one hand, on the contraction of the ciliary muacle, and, on the 
other band, on the elasticity of the lena. As age advances the 
ciHary muscle loses, by degrees, ita contractility, and the lena its 
elasticity. These two factors — the feebleness of the ciliary muscle 
and the increasing hardness of the lens — have necessarily a 
restricting influence upon the accommodative power. 

It is somewhat strange that this diminution of the accommo- 
dating power doea not wait for the physiological, ao to apeak, 
decrepitude which coastitntea old age, but begins at a time when 
all the other faculties are progreaaing in their development. 
Ah-eady, at the tenth year, the accommodation power begins to 
grow feeble, and ita ampUtude to diminish. 

Donders, who discovered this fact and established the laws that 
govern it, haa given a diagram which represents the amplitude of 
the aeeommodation at the different periods of life (Fig. 20). 

The figures in the horizontal line of the diagram indicate the 
ages, and those in the vertical line to the left the corresponding 
dioptries. 

The curve r r corresponda to the refraction of the eye in a 
condition of repose, that is to aay, to its minimum of refraction ; 
or, espreaaed otherwise, to the refracting power which the eye 
represents when adapted to ita punctum remotum. 

This does not change, as you see, up to the age of fifty years, 
but from that time on it diminishes; the emmetrope becomes 
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hypermetropic ; the hypermetrope more hypermetropic ; the 
myope loses a part of hia myopia, and may become, according to 
its degree, emmetropic, or even hypermetropic. 



1 



P 




^ 



The curve p p indicates the maximum of refraction of which 
the eye is capable, that is to say, the sum of the refracting power 
which the eye represents in a state of repose, and what it is able 
to add to itself by putting into play all its power of accommoda- 
tion, or, expressed yet differently, the refracting power which the 
eye possesses when it is adapted to its punctum proximum. As 
you see, " p " diminishes gradually, and becomes, from the age of 
sixty-five, feebler than the minimum of refraction was in the 
preceding years. In spite of this, however, there yet remains 
some accommodative power so long aa the two curves do not 
meet, because the passive refraction of the eye also diminishes 
from the fifty-fifth year. It only ceases at the age of seventy- 
three years, when the two curves meet. 
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The a-mplitude of acaommodation ia evidently represented, for 
each age, by the number of dioptriea comprised between the 
two ciirvea, on the vertical line corresponding to the age, in 
accordance with the formula 

Q. _. ^ — r. 

From this we obtain, for the amplitude of accommodation, the 
^ . following table ; — 
^^H TABLE 

The amplitude of accommodation ia absolutely the same for 
ametropia aa for emraetropia, and the figures of the seriea apply 
indifferently to all forma and all degrees of ametropia. The 
amplitude of accommodation, a, is the same for all. But ji, the 
positive refracting power of the eye, ia not the same. This is 
equal to the aum of the refraction which the eye presents in a 
condition of repose (r) and that which it can add by means of its 
power of accommodation — 

p ^ r -f- a. 

It is only for the ertimetrope that the positive refracting power 
of the eye — that is to say, the refracting power which the eye 
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Amplitude of 
AccummodBtlon 






10 years, 14. 


16 


12. 


20 


10. 


25 


S.5 


30 


7 


35 


6.5 


40 


4.5 


45 


3.5 


50 


2.5 


55 


1,75 


60 


1 


66 


0.75 


70 


0.25 


75 


0.00 
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represents when adapted to its punctual proximum — is equal to 
the amplitude of accommodation (p =; a). 

In the hypermetrope, where r ia negative, p ^ a — r; because 
the punctum remotum of the hypermetropic eye is, as we have 
Been, negative. A portion of the amplitude of accommodation 
must serve to correct the hypermetropia. 

For the mi/ope, on the other hand, r is positive, because, in a 
state of repose, the eye already represents a quantity of positive 
refraction ; the total amount of the latter, then, becomes p ^ a 
+ r. 

The distance of the punctum proximum from the eye is equal 
to the focal distance correapo-ndhig to the totality of the positive 
refraeting power {p). 

It follows from this that, in spite of the equality of the ampli- 
tude of accommodation, the punctum proximum is not situated at 
the same distance in the different states of re&action. With the 
same amplitude of accommodation, the punctum proximum is 
always further removed in hypermetropia than in emmetropia, 
and further in emmetropia than in myopia. 

Thus, for an emmetrope of twenty years we find p ^ a ^ 10 D. 
Therefore P, the distance of the punctum proximum from the 
eye, = ^ = IQ cm. 

A hypermetrope of i D will also have, at the age of twenty, an 
amplitude of accommodation of 10 D, but his punctum proximum 
is further removed than that of the emmetrope. We will have, 
therefore, in hypermetropia — 

p = a — r^lO — 4 = 6D, 
which gives as the distance of the punctum proximum, P, i^ = 
16 cm. 

A myope of 4 D, on the other hand, will have, at the age of 
twenty, a total refractive power — 

^ = a + r= 10 + 4= 14 D; 
and his punctum proximum ia, therefore, situated a^— 
P = ^ = 7 cm. 
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The distance of tbe punctum proximum correspondB, then, in 
emmetropia, to the focal distance of tbe lens which represents its 
amplitude of accommodation, for reasons which we have already 
set forth. The following table ebows this distance at different 
ages in emmetropia : — 



TABLE II. 






DlBtanoBof 




Panot. Proi. 


14 D 


7 cm. 


12 " 


8 " 


10 " 


10 " 


8.5" 


11.7 " 


7 " 


14 " 


5.6" 


18 " 


4.6" 


22 " 


3.6" 


28.6 " 


2.6" 


40.5 « 



50 

At the age of fifty-fiv^ years the emmetropic eye begins to be 
hypermetropic, and when, even at sixty years, it poaseases an 
accommodative power of one dioptry, its punctum prosimum is 
not situated at 100 cm., because a part of its accommodation 
must be used to correct its acquired hypermetropia, which 
amounts to one-half of a dioptry. It requires this amount of 
effort to bring its punctum remotum to infinity. There remains 
to it, therefore, only one-half of a dioptry to bring its punctum 
proximum from infinity to a finite distance, and this ia found at 
1,^^ = 200 cm. from the eye. 

In order to find the position of the punctum proximum of 
ametropea, we have only to determine the maximum power of 
refraction which the eye possesses (p) according to the rules 
already laid down, and the focal distance of the number Oi 
dioptries, which represents p, will give the distance of the punctum 
•proximum P. I should say that in order to find the positive 
refracting power of hypermetropia "we must subtract from the p 
of emmetropia the number of dioptrics which represents the 
10 
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hypermetropia, while in myopia we moat add to this the number 
of dioptries wliich cooBtitutea its eiceaa of refractioD. 

Take, for example, a hypermetropia of 3 D at thirty years of 
age; where is the punctum proximum? The p of the emmetropo 
at that age is, according to the diagram (Fig. 19), and accordiDg 
to table I, equal to 7 D. Dimiatah this by 3 D and the p of our 
hypermetrope will be 7 — 3 ^ 4 D, of which the focal distance ia 
25 cm. ; that ia to say, P, the diatanco of tiie punctum proximum, 
Bought. 

In fact, the amplitude of accommodation of a hypermetrope of 
3 D at thirty years is the same (7 D) as that of an emmetrope of 
the same age. But the first must use 3 D to neutralize his fault 
of refraction. There only remains to him, therefore, 4 D of posi- 
tive refraction. 

What is the distance of the punctum proximum of a myope of 
two dioptries at the age of thirty years ? 

This degree of myopia repreaenta already a quantity of positive 
refractioo of 2 D ; to this there is added 7 D ampHtude of accom- 
modation, which corresponds to the age of thirty yeara, which 
gives 7 + 2 = 9 D. The focal distance of 9 D is ifH- = 11 cm., 
which represents the distance £* of the punctum proximum ; or, 
according to our rule, p of the emmetrope being 7 D, that of the 
myope of2Di37 + 2 = 9 D, the focal distance of which is 
11 cm. 

The march of the punctum proximum is so regular that we are 
able to determine from it, with considerable precision, the age of 
the individual, by taking into account the state of refraction of 
the eye. 

PRESBTOPIA. 



In removing itaelf further and further from the eye, the 
punctum proximum must finally pass beyond the distance at which 
we usually read and write. When the punctum proximum has 
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passed this limit we are evidently restricted ia our work. Even 
at a period wheo the total effort of our accommodation yet aufEcea 
to keep the punctum proximum at the customary position, but not 
within it, work at that distance becomes very fatiguing, because it 
ie effected by the aid of the maximum contraction of the ciliary 
muscle. 

The condition of the eye when the punotum proximum has 
passed beyond the usual distance for work has evidently consider- 
able practical importance. It is for this reason that Bonders haa 
given to that condition of the eye when the punctum proximum 
has passed the usual distance of near work, a special name, 
Presbyopia (from Tpm^'j^, old), because this feebleness of vision ia 
a consequence of age. This distance is commonly admitted to be 
8", or 22 to 24 cm. 

You see that the definition of presbyopia does not correspond, as 
do the terms myopia and hypermetropia, to a condition sharply 
defined. The distance of 22 cm. which has been taken as the 
point of departure for presbyopia is evidently quite arbitrary. 
Any other distance, aa 20 or 30 cm., could have been taken aa 
well. A man who is accustomed to read at the distance of 30 
cm. ia not aa yet restricted by bis accommodation, and does not, 
of course, feel the influence of age when his punctum proximum is 
still at 22 or 24 cm. On the other hand, one who uaually brings 
his work up to 18 cm. becomes prealjyopic much earlier, although 
the state of refraction in the two cases may be the same. 

Moreover, even supposing that most people showed a preference 
for 22 cm. as the distance for their fine work, it is evident that 
everybody would not become presbyopic at the same age, because 
presbyopia depends on the position of the punctum proximum, and, 
as we have already seen, in spite of the equality of the amplitude 
of the accommodation, this varies according to the state of the 
refraction of the individual. 

The term presbyopia, however, being of such general use in 
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practice, I have thought it best to give you a definition of what is 
meant by it. But I frankly acknowledge that, in my opinion, it 
would be best to drop the term entirely out of our nomenclature, 
and to determine simply what lenses the patient has need of, not 
to see at a certain specified distance, but at the distance at which 
he is accustomed to use his eyes, or at which his work compels 
him to see. This can be done by taking account of his refraction 
and accommodation, as I shall explain to you at the end of this 
lecture. 

We say that presbyopia hss been defined by Bonders as that 
condition in which the punctum proximum has passed 22 cm. In 
order to see at that distance there is, evidently, a positive refracting 
force required equal to ^^ = 4.5 D (p). Now, when the eye 
has need to see at that distance, and when it no longer disposes of 
4.5 D of positive refraction, it evidently becomes necessary to 
increase this by means of a convex lens of such a power as shall 
make p = 4.5 D. This lens will then measure the degree of 
presbyopia. We can, therefore, complete the definition of Donders 
by saying thai jyresbyopia finds its expression in the nurnber of 
positive dioptries which it is neeessary to add to the eye in order 
to procure a positive refracting 2>ower of 4.5 D. 

By glancing at the diagram of Donders (Fig. 19) or at Table 
I you will see that at the age of forty years the emmetropic 
eye can no longer dispose of a refracting power of 4.5 D, and, 
consequently, cannot see closer than 22 cm. From this age 
onward, therefore, it is said to be presbyopic. 

The presbyopia of emmetropia is equal to the diflference between 
the number of dioptries which represents its positive refracting 
power and 4.5 D. This at the same time designates the number 
of the glasses which the emmetropic eye must have to correct its 
presbyopia. • 

We obtain, therefore, for the presbyopia of the emmetropic eye 
the following table : — 



PBE3BY0PTA. " 



40 

46 
60 
66 
60 
65 
70 
76 
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III. 


P- 


FreBbyopU. 


4.5 


4.6 — 4.5 = D 


3.S 


4.5 — 3.6 = 1 " 


2.5 ■ 


4.5 — 2.5 = 2 " 


1.5 


4.5 — 1.5 = 3 « 


0.5 


4.5 — 0.5 = 4 " 





4.5 — = 4.5 " 


1 


4.5 + 1 = 6.5 " 


1.5 


4.5 + 1.5 = 6 " 


2.6 


4.5 + 3.5 = 7 " 



p becomes negative from the sixty-fifth year, because the line 
■pf then passes the line in the diagram. For this reason it is 
necessary to add the value of p to 4.5 in order to obtain the 
degree of presbyopia. 

From being nothing at the age of forty years, the presbyopia 
increases, therefore, one dioptry for every five years up to the age 
of sixty. From this time on it increases, sometimes one and some- 
times one-half of a dioptry in the same time. 

Beyond sixty years this calculation no longer holds good, and 
we must then have recourse to Table lii. Thus, the presbyopia 
of an emraetrope of eighty years is not 8 D, but only 7 D, 

For arneiro'pia the presbyopia is calculated in the same manner 
after the ametropia has been corrected, and the number of 
dioptries which are necessary to correct the ametropia, that is to 
say, to change it into emmetropia, must evidently be added to 
those which correct the presbyopia of emmetropia. 

Take a kypermetrope of 2 D ; what number will he require at 
the age of sixty years in order to see at 22 cm. ? He will need, 
in the first place, 2 D to correct the H, and 4 D more to correct 
the presbyopia, since he has passed, by 4 X 5 years, the age when 
presbyopia commences; the total is, therefore, 6 D. 

If an individual has a M of 3 J), and is sixty-five years old, 
how would we proceed to arrive rapidly at the degree of his 
presbyopia? If he were emmetropic he would require 4,5 D to 
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see at 22 cm., bat in order to make him emmetropic be reqciree 
a ooDcave glass of 3 D. Theee 3 D negative, combined witli the 
4.5 positive, give 4,5 — 3 = 1.5 D. 

You thus see tbat whereaa the hypermetrope always retjoira 
glasses stronger Uitn the emmetrope to correct his presbyc^ia, 
the myope requires glasses weaker in proportion as his myopia is 
stronger. 

Take a myope of 4.5 D. He will never, ao to speak, become 
presbyopic, becaose, even deprived of all bis accommodation, he 
atiU has a positive power of refraction of 4.5 D, because his 
punctum remotam, to which it is adapted in a state (^ repose, is 
situated at 22 cm. He has no reason, therefore, to fear presbyopia, 
at least not before sixty-five years, the age at which the refracting 
power begins to diminish, and -when the accommodation no longer 
suffices to render it as strong as it was before. (See Fig. 19 : 
r has passed the line 0, and p no longer reaches it.) 

Persona whoee myopia is greater than 4.5 D have need of 
concave glasses in order to see at 22 cm., because even in a state 
of repose their eyes are adapted for a shorter distance than 
22 cm. ; and since there is no negative acoommodation they have 
need of negative glasses to see at 22 cm. ; in other words, their 
refraction being always greater than 4.5 D, it most be diminished 
until it amounts to only 4.6 D. 

. A myope of 10 D will have need of a concave lens of 4.6 — 10 
=r 5.5 D in order to adapt hia eyes to 22 cm., up to the age of 
sixty-five, whatever may be his age and the amplitude of his 
accommodation. Without accommodation his eyes are adapted to 
10 cm., and it is only &om the sixty-fifth year, the age when the 
punctum remotam is removed considerably from the eye, that he 
can use concave glasses of leas strength ; bat he will never have 
to use convex glasses. 

We should commit a great error, then, in giving to all persons 
B which adapt their eyes to vision at 22 cm. Some — and 
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the number is large — would find them too strong, while others 
would find them too weak. 

It would be very much better in all caaes to guide ourselves, in 
making the selection, by the requirements of the individual and 
not by any conventional ideas of presbyopia. We are in a much 
better condition to make thia step, now that the introduction of 
the metric ayatem and dioptriea haa made optical calculationa so 
remarkably easy. I can aaaure you that I get along much better 
in my practice with my new syatem than with the old plan of a 
conventional presbyopia. 

Thus, if an emmetrope of fifty-five yeara cornea to you and says 
that his eyea are much fatigued in using them for close work, yon 
ask him at what diatance he ia compelled to work. He abows 
you, we will aay, 33 cm. as the distance. You say to yourself: 
To see at 33 cm. requires 3 dioptriea of refraction (p). Now, at 
the age of fifty-five years p of emmetropia ia = 1.5. He requires, 
therefore, 3 — 1.5 D to see at 33 cm. You therefore give him 
No. 1.5 D convexea, and he will find them very aatiafactory, unlesB 
there ia some diminution of the amplitude of accommodation, the 
cause of which you will have to hunt for. 

A hypermetrope of 1 D, aged forty yeara, an engraver, asks for 
glasses which will enable him to aee at 20 cm. To see at this 
diatance there are required y^ = 5 D (p). At forty yeara the 
eye poaaeasea an amplitude of accommodation of 4.5 D. Of tbeae 
4.5 D, 1 D is employed in correcting the hypermetropia of the 
patient. There only remains to him, then, 3.5 D of positive 
refraction. To obtain the 5 dioptriea necessary for viaion at 20 
cm. we therefore give him 5 — 3.5 = + 1.5 D, 

A hypermetrope of 3 D, aged seventy, aska for glasses to play 
the piano, that ia, to aee at 50 cm. You know that at seventy 
years of age there ia no longer any accommodation. You give 
him, therefore, in the first place, 3 D, to correct his hypermetropia, 
and J^ = 2 D, to adapt his eye to the diatance of 50 cm. 

I have no need to multiply examples. What I have said to yoa 
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on Uie Bolject of aocommodatioa will enable yoa to find in every 
caao, the re&actioD, tlie age, the amplitade of acoommodation, and 
the Dumber of the gla^ which an eye needs for vision at no matter 
what distance. Only, you moat take the precaution to give the 
weaker nombeiB of convex leases to those yet young and not accoa- 
tomed to wearing glaases ; on the contrary, you can give a half 
dioptry convex more to an aged person whose amplitude of accom- 
modation is feeble or nolL 

I repeat that, in my opinion, it would be much better to entirdy 
abandon the term presbyopia, for the reasons which I have given 
you. The definition of presbyopia is based on a distance entirely 
arbitrary, which is not the same for all persons ; habit, and even 
the kind of work, have a widely varioos infiuence on this distance. 
Thus, some emmetropes, and hypermetropea with good acuteness of 
vision, are generally accustomed to read and write at a distance of 
40 cm. or more, while others, especially myopes and those whose 
visual acuteness is not good, prefer a shorter distance, 22 cm. or 
less. 

Bookkeepers, draughtsmen and geometers, by preference, keep 
their work at a great distance, which allows them to take in a 
great deal of their book or paper at a single glance, while tailors* 
jewelers, etc., require a much shorter distance. 

You must not think that we have devoted too much time to the 
consideration of the accommodation. You should bear in mind 
the great importance of near vision in all civilized countries, and 
not suppose that it suf&ces to choose, or have your patient choose, 
convex glasses which appear to him the best for seeing near at 
hand, saying, if they are too weak he can change them by and 
by; if they are too strong they will all the better relieve the 
accommodation. No, there is a real and an eminently practical 
value in taking an exact account of the amplitude of the accom- 
modation of the patient 

The amplitude of accommodation is, indeed, so to speak, the 
dynamometer (the measurer of force) of the ciliary muscle, and 
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this, in its turn, is the most precise index of the function of the 
third pair of cranial nerves, which supplies, among other parts, 
the ciliary muscle, A defect in the amplitude of the accommo- 
dation thus becomes, very frequently, a very- important symptom, 
especially of a diphtheritic, rheumatic or syphilitic paralysis, or a 
cerebral trouble, the beginning of which might escape us but for 
an examination into the condition of the accommodative power. 
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ACUTBNESS OF VISION. 



Gentlemen: — The Tefraction. of the eye and visual aeutenesi 
are frequently confounded. They are two very different thiagB, 
however, and should be clearly distinguished from each other, 
although in practice we are accnatomed to determine them together. 

The refraction is simply the function of the dioptric apparatus; 
visual aouteness, on the other hand, is a function of the Jiervo'us 
apparatus of the eye. 

Refraction may be perfectly normal without the eye being able 
to see, if the nervous apparatus does not perform its function 
properly ; while the acuteneas of vision can be normal, in spite of 
great anomalies of refraction, if these latter are corrected. 

We can determine the refraction of all eyes, even of the dead 
eye; the acuteneesof vision, on the contrary, can only be deter- 
mined on the living eye, and it ia. farther necessary that this living 
being express itaelf clearly in regard to the luminous Impreesions 
which it receives. 

Acuteneas of vision is for the retina what tactile sensibility is 
for the skin, and we determine the condition of the two functions 
In an analogous manner : We aeek in both for the smaUest dis- 
tance between two points which can be perceived separately. For 
the skin we use the mechanical pressure of the two points of a 
pair of compasses ; for the retina the impression produced by the 
retinal image of two luminous points. 

The determination of the aeuteness of vision coneista, therefore, 
in the determination of the smallest Te,tinal image the form of 
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which can be distinguiahed. I aak you to mark the restriction : 
It is not simply the smallest retinal linage perceived which gives 
the measure of the acutenesa of yieioD, but the smalleet whose 
form is distinguishable. 

The smallest retinal image is a point the perceptibility of which 
depends solely on its luminous intensity. One luminous point does 
not measure the visual acuteoeas — the distinction of forms — ^but 
the perception of light, the faculty which the retina poaaessea of 
distinguishing differences of brightness. 

The acuteness of vision, the faculty of the retina to peroeiva 
forms, depends on many conditions — 

1. Primarily, on the seTwibility of the retina, 

2. On the adaptation of the retina, 

3. On the general ilhnnination. 

4. On the sharpness of the retitial image, 

5. On the intensiti/ of the illumination. 

The adaptation of the eye to the illumination under which it 
acts is a condition which it is neceaaary to take into account in all 
experiments relative to the sensibility of the retina (distinction of 
degrees of clearness and of colors). In passing from an illumi- 
oation of a less to one of a greater intensity, or inversely, it takes 
& certain length of time (about twenty-five minutes) for the retina 
to become accustomed to the altered illumination, and to put itself 
in harmony with it. We know that the acuteness of vision varies 
with the general illumination up to a certain degree of intensity, 
as that of a clear, sunny day; the two then vary in a direct 
proportion, but when the illumination passes a certain limit of 
intensity, the acuteness of vision diminishes instead of increases. 

The sharpness of the retinal image depends, essentially, on the 
transparency of the dioptric media, the regularity of their surfaces, 
and the adjustment of the eye to the distance of the object. 

The luminous intensitt/ of the retinal image depends, also, upon 
the transparency of the dioptric niedta. It is, in other words, 
proportional to the luminous intenaity of the object, and to the 
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di^reace in brightness between thia and tba background ag^nst 
which it is seen. 

Before coramencing the ex.aniiiiatioQ of the functions of the 
retina an account must be taken of the intensity of the general 
illumination ; it rauat be measured. The simpleat photometer is 
the aouteness of vision of a normal eye which we can, in this case, 
oonsider as proportional to tha ill ami nation. 

Before undertaking the examination of the visual acateness of 
another eye we should determine that of our own ; and if, for 
example, it is only f of that which is usually found, we shall have 
to multiply the figures of the visual acuteness of the patieni 
eXAmined by J in order to obtain his actual acuteness of vision. 

We must allow, moreover, the eye under examination to adapt 
itaeir to the general illumination, and it must be accommodated for 
the distance of the object looked at. This latter must be placed 
In the simplest and most favorable conditions to bo easily diatin- 
guiahod by choosing one that is black on a white ground or white 
on a, blaok ground. 

Tlie rflHiiIts of numerous experiments have shown that it i»! 
uncaiiSftry that the two points of a retinal image, in order to b» 
oluftrly distinguished from eacli other, be separated by a diatanoe 
of 0.00436 mm. Such a retinal image corresponds in the norm^ 
emmotropic eye to a visual angle of 1'. 

It is upon these data that Snellen has based his "test- 
for tbo determination of the acuteness of vision. He ha 
M tlie test-ohjecta Latin letters : letters, because they are forms 
mi»t widely known, and which, in spite of the variety of their 
llannin, aro easy to describe ; Latin letters, because they are the 
iiiltipl"Ht and most common. Snellen's idea was to have these 
ttwt-lottwrs formed in such a manner that in order to be recognized 
thny nuiuinjil that the eye should distinguish two points separated 
frijin <)im;1i other by an angle of 1' ; the breadth of the black linea 
rurmliif^ tho letter, as well as the intermediate white spaces, should 
bo juat i the diameter of the whole letter. 
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Each seriea of his letters is marked by a number which indi- 
cates in meters (formerly in feet) the distance at which the letter 
appears under an angle of 5'. 

It ia held by Snellen that in order to distinguish one letter 
from another the eye must be able to distinguish the spaces 
between the lines which correspond to a visual angle of 1'. This 
is true for certiain letters, as, for instance, to differentiate between 
G and 0, where the eye must distinguish the white space which 
interrupts the circle in G. The same ia true for F and E, but the 
principle is not applicable to the other letters of his aeries. 

The interlinear spaces correspond to J the height of the whole 
letter. We can therefore say, in general terms, that the 
distinctness of the letter depends on the perception of a retinal 
image of 0.00436 mm. 

The scale of Snellen contains a series of letters corresponding to 
all distances, from 32 cm. up to 60 meters. An eye which 
distinguishes No. 7 at 7 m. should distinguish No. 10 at 10 m., 
No. 60 at 60 m,, etc. What we want now to know is the most 
convenLent distance for determining the visual acuteness. 

In the lecture on refraction we saw of what great advantage it 
ia to determine the visual acuteness and the rrfraction at the 
same time. 

We determine the refraction at such a distance as shall exclude 
the accommodation as much as possible. For this a distance of 5 
or 6 meters ia neceasary, We therefore place our scale at 6 m. 
and see (successively on each eye) what are the smalleat characters 
which can be distinguished. 

In order to see at this distance without accommodation the eye 
must be emmetropic. If it is not, we must render it emmetropic 
by a correcting lens. The correcting lens, therefore, indicates 
the degree of its ametropia, and the smallest character seen 
distinctly ita visual aeutenesa. 

Thus, a normal eye should distinguish at 6 m, all the characters 
of Snellen's No. 6. If it only distinguishes No. 12 — those which 



150 



EXAMINATION OF THE ETE3. 



ought to be Been distinctly at 12 m. because they are twice as 
large — the visual acuteness is only one-half the normal (^). In 
order that the same eye recogaize the letters of No. 6 it must be 
brought up to 3 m. If it diatinguishea No. 7 at 6 m. its risual 
acuteness is f ; but if it sees not ouly No. 6, but even No. 4, at 
6 m., the number which we have the right to bring up to 4 114. 
its visual acuteness is evidently greater than nornaal — it is f . 

This not infrequently happens. You will find many yonng 
people who enjoy an acuteneea of vision greater than that which 
Snellen has taken aa the normal. The acuteness of vision of 
Snellen, however, is not the wiaximum, bnt is to be taken as the 
mean of the different ages. The maximum acuteness of vision 
could not, moreover, serve us in practice where wa desire to know 
what is to be considered as normal, and the limits heyond which 
it is considered to be abnormal. 

Tou have seen that the visual acuteness is always represented 
by a fraction, the denominator of which is the distance at which 
the characters should be distinguished, the numerator the distance 
at which the characters are seen in the case under examination. 
We call the first D, the second d, and the acuteness of vision V, 
aod then write : V := -j^. 

When the acuteness of vision with the naked eye is not up to 
the normal standard, we think at once of an anomaly of refractloOf . 
and proceed to the task of correcting it. 

An individual who, with a convex glass No. 2, reads No. 8 al' 
6 m., has a hypermetropia of 2 D and V = |. 

Another who, at the same distance, reads No. 10 with — 3, will 
have a myopia of 3 D and V = ■^. 

For persons who cannot read, Snellen has given figorai 
resembling E, and which are made on the same principle aa the 
other letters. These are squares, one side of which is lacking, 
The patient should then indicate to us the side which is open. In 
this manner we Eire enabled to examine easily the visual acuteuese 
of children, or of those whose intelligence is not highly developed, 
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and even of mutee, who can indicate with the hand the direction 
in which the open side lays. 

It ia evident that, instead of examining the visual acnteness by 
the aid of figures of different sizes, placed at the same distance, we 
can allow the Bize to remain the sam-e and vary the distance. In 
this manner a single series of letters would suffice for the 
determination of V. Take, as an example, No. 6 of Snellen's 
scale. The individual who reads it at 6 m, has a normal visual 
acutenesa. If we should have to bring it to 4 m., in order that 
they be distinguished, V would equal j-, etc., in accordance with 
the formula Y = ^. 

The single E of Snellen would, therefore, suffice to determine 
the acutenesB of V. Instead of varying its size and having 
different forms, we can change the distance and alter the position 
of the figure. This proceeding ia very convenient where we do 
not have command of a full set of teat-types, but it is inferior to 
the other mode in cases where we have to bring the figure within 
4 m., because then the accommodation comes into play. 

But the combination of the two processes — variation in the size 
of the object, and variation of its distance from the eye — increases 
considerably the exactness of the examination of visual acnteness. 
If we have found the series of letters which is clearly made out at 
a given distance, we can try if by removing it to a greater distance 
the eye continues to distinguish the letters ; for example, an eye 
sees No. 5 at 6 m., but if it still distinguishes them at a distance 
of 30 cm, more, V will be not only f but fj. 

Snellen's series, though the one most widely known, is not the 
only scale which has been constructed for the determination of the 
acutenesa of vision at a distance. 

Indeed, the principle of the acuteness of vision being given, it 
is easy to print Latin, Gothic, black or colored letters, etc. How- 
ever, the scale of Snellen remains the one most generally in use, 
and it is undesirable to increase the number of these teat-objects 
in order that we may have a unity of comparison throughout the 
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world, which will allow of a comparison between the experiences 
of diflferent persons in diflferent countries. 

The only test-objects which, up t6 this time, have appeared to 
me to have a value comparable with those of Snellen, are those of 
Green and Monoyer. Green objects, and not without reason, that 
the diflferent numbers of the test-types of Snellen represent a very 
unequal series of ratios, an inconvenience which Green surmounts 
in choosing for his scale the numbers which represent a geometri- 
cal progression, the common ratio of which is >/ 6 = 7.95. 

The series of Green is composed of twenty-four numbers, and 
includes all the numbers of Snellen's test-types from 00 to I. 
The following table shows the two series side by side. The 
numbers represent feet. 



Gumr. 




GxnH. 


BaxLLuri 


200 


200 


8 


8 






6.25 


/7 
16 


160 






126 












5 


5 


100 


100 










4 


4 


80 » 
64] 


70 


3.125 
2.5 


Is 


60 


50 










2 


2 


40 


40 






32) 
25 J 


30 


1.58 
1.25 




20 


20 


1 


1 


16 I 
12.6 J 


fl5 
12 










10 


10 







As you see, the interval between the two adjacent numbers of 
Green is always the same. The execution of these test-types is 
exceedingly good, and they are to be recommended so much the 
more because the relations between the letters of Green and those 
of Snellen are very easily established. 

Monoyer's test-types, like those of Green, have the same basis 
in principle as those of Snellen, as far as regards their visual 
angle and the width of the lined, but they are constructed in such 
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a manner tbat the different numbers of the letters recognized at a. 
distance of 5 meters correspond to a difference of ^ of the acute- 
nes3 of vision. The acuteness of Tision, then, instead of being 
expressed in fractions, as f, f, etc., is expressed in decimals — 
0.1, — 0.2, — 0.3, — 0.4, etc., up to 1. 

It is desirable, however, to have characters smaller than those 
corresponding to the medium acuteness of vision, because we find 
very frequently eyes whose acuteness of vision is greater than the 
No. 1 in the scales mentioned. For this purpose it would be easy 
to add to the scale of Monoyer two or three numbers which give 
V = 1.2, 1.5, 1.6, etc. 

You will have seen that the method for determining the acute- 
ness of vision at the same time with the refraction is very simple and 
practical. But it is not only simple and practical — it is also emi- 
nently raiional. Indeed, it excludea, at least for the greater part, 
the accommodation, and, as you will see, it puts the retinal images 
of the emmetrope and ametrope on the same equality as to size. 

This last advantage is very great, and in order to appreciate it 
fully I will add a few words on the influence of eorrecting glasses 
on the acuteness of vision. It is a fact of common observation 
that convex glasses magnify whilst concave glasses diminish the 
size of objects. We would suppose, then, that hypermetropes, 
by their correcting glasses, obtain retinal images greater than 
emmetropes and myopes, and that myopes, on the other hand, have 
smaller retinal images. Correcting glasses would seem, therefore, 
to completely mar the results of our determinations of visual 
acuteness, in so far as they change the fundamental condition, 
viz., the equality in the size of the retinal images coming from 
the same objects. 

But, on the other hand, it is easy to conceive that a short eye, 
other things being equal, would receive smaller images than a 
long eye. The sraallness of the hypermetropic eye has, therefore, 
an effect on the visual acuteness the opposite of its correcting 
glass, and the length of the axis of the myopia eye has an opposite 
11 
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effect to that of the glass for which it has need. It reniaine to \ 
determine which of these two influences is in excess. 

It is a question of great importance in practice whether we 
have a right to demand of a hypermetrope a visual acuteness 
greater than that of an enametrope, simply because he uses 
magnifying glasses while the other sees only with the naked eye; | 
or whether, on the other hand, we should have a dimtaished J 
acuteness of vision on the part of the hypermetrope corresponding | 
to a normal retina! perception, l^ecause the hypermetropic eye, on I 
account of its shortness, has smaller retinal images. 

Oa the other band, has a myope who, after correction of his'J 
ametropia, reads exactly the same letters as the emmetrope at the 
same distance, a visual acuteness greater than the emmetrope 
because he is able to distinguish these characters in spite of the 
diminishing effect of his lens, or should we consider his visual 
acuteuesa as defective, and search for some trouble in the dioptric 
media or at the fundus of the eye, because, on account of the 
length of the myopic globe, the retinal images are larger, and he 
ought, therefore, to have a visual acuteness greater than that of 
an emmetrope ? 

This question can be solved only by moans of calculation; but 
the aim of these lectures, which are essentially practical, causes 
me to abstain as much as possible from mathematical deductions, 
and I can only give you here the results of the researches that 1 
have been made by Knapp, Donders, Woinow, Mauthner oaA J 
myself — results which accord perfectly with each other. The ] 
conclusions at which we have arrived are the following : — * 

I called your attention, in the first lecture on refraction, to the I 
fact that we can correct ametropia by different lenses according f 
as we place them at a greater or leas distance from the eye. Now, 
siuee the correcting lens of an axial ametropia is uaualiy placed in 
the anterior focus of the eye, i.e., 13 mm. in front of the cornea, 
the retinal image of the ametrope should be of the same size a» ^ 
* Landglt in Wecker et LandoU : Traits Comiilet d'Ophthalmalogie I, p, 480, -j 
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that of the ermnetrope. On the other hand, if we correct hyper- 
metropia by a stronger convex glass placed nearer the cornea, the 
retinal image will be smaller ; it will become larger if we use a 
weaker lens and place it further from the eye than the point 
indicated. An analogous effect is produced in the case of myopia ; 
here the diminishing effect of the lens maltes itself felt in propor- 
tion as it is removed from the anterior focus of the eye, while the 
magnifying effect of the greater length of the eye is manifest when 
the correcting lens is approached nearer. 

I have been able to verily this fact in a most conclusive manner, 
both by means of my artificial eye,* and in the living eye — in an 
anisometrope one of whose eyes is emmetropic and the other hyper- 
metropic, and who on this account is able to compare directly the 
size of the retinal images which the hypermetropic eye receives 
by different corrections with those of the emmetropic. 

The facts which we have mentioned suffice to show the 
undoubted advantages of determining the visual acuteness at a 
distance. 

But should we, on this account, entirely exclude the examina- 
tion of near vision ? I think not, provided we take account of 
those important points which have, in a greater or less degree, been 
neglected by those who, up to the present time, have endeavored 
to determine the acuteness of vision in this manner. 

1. In the first place we should never employ for this purpose 
bits of reading, because reading is not a certain proof of visual 
acuteness. Persons who are accustomed to reading are able to 
guess at the majority of words by their general aspect and their 
relations to neighboring words, while those who are but little 
instructed must decipher the letters one by one. These latter, 
then, find themselves in relatively more unfavorable conditions 
than the former. 

It is necessary, therefore, if we would determine the acuteness 
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of vision at a short distance, that we take isolated letters con- 
structed on the same principles as the larger test types. It ia 
also evident that we must make the examinations always at the 
same distance if we would obtain results exact and comparable. 
This examination is based on the same principle as that at a 
distance, i.e., on the equality in the size of the retinal image. 

2. Moreover — a most important matter — the vision near at 
hand is very different in the different states of refraction. 

Take, for example, a distance of 22 cm. The young emmetrope 
will see at this distance with the aid of his accommodation, the 
presbyope and hypermetrope with t})e assistance of convex glasses 
of greater or less strength, according to the power of their 
aooommodation and the d^ree of their ametropia. The myope 
whose panctum remotum is found at a greater distance from the 
eye than 22 cm. will likewise have need of a ^gfat e^rt of 
accommodation ; only a myope of 4.5 D will be able to see at that 
distance without any accommodation, and wiUioat any ctunrecting 
^aas, while duress oi myi^tia lughcv than this will demand the 
Qse of oimcaTe ^ubbb for seeing at thie same distance. Vision, 
onder these variotB ctrcnmatenoeB, is attanded with notable 
diflerawes is the siM of the retinal images. 

It matters not that ym employ the same test otyects and place 
them at exactly the same diatanoe ; de emmetrc^ who accommo- 
dates will still have retinal images sotaller than the presbyt^, who 
) gbases, and the pveafayt^ i^ be is not oon^ileteiy dqinved 
E of his anoommndttion) smftUar auges than the mjope of 4.5 D. 
Toar lesidt is th/mtAm &be, some die hesia — duit is, the sixe of 
^ letuwl image — is dtuged in cm^ esse. Equality in the size 
•f tiha ntnal images is the ** ans qoa noct " in the determination 
of the smileiMss of nsioa. 

MonvnTt by proceediiig in this wmy- we do not determine the 
n6iotb« eonditka of tite ej«. Tba method fiteijBetitl; ttaed, of 
I the iadiridBal read bits of seBtOMi^is, thocdbre, onsatia- 
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It ia possible, however, to obtain in near viaion the same 
advantages as in distant vision — equality in the size of the retinal 
images, exclusion of the accommodation, simultaneous determina- 
tion of the refraction, of the accommodation and visual acuteneae. 
For this purpose we proceed in the following manner : — 

We place the test object say at a distance of 23 centimeters 
(exactly 233 millimeters) in front of the cornea, that is, 22 cm. 
from the anterior focal point of the eye, which is situated 13 mm. 
in front of the cornea, the eye being deprived of its accommodation. 

It is only the myope, then, whose punctum remotum is situated 
at 23 cm. in front of the eye, who will be able to see distinctly at 
this distance. In order to see at infinity, the correcting glass 
placed at 13 mm. in front of the eye, where lenses are usually 
placed, should have a focal distance of 22 cm., and therefore a 
refracting power of 4.5 D, 

In order to make eyes having other states of refraction see 
these test objects we muat have recourse, not to the accoramoda- 
tioD, but to convex lenses, which we place 13 mm. iu front of the 
cornea. 

We should give, so to speak, to all eyea a myopia of 4.5 D. 
To attain this the emmetrope will have need of No. 4.5 convex, 
which will render parallel the rays coming from 22 cm. in front 
of the !ena ; the hypermetrope will require a lens stronger than 
the emmetrope, and the stronger in proportion to the strength of 
hia hypermetropia. 

A hypermetrope of 2 D will have need of 6.5 D, that ia to say, 
he will require 2 D in order to be rendered emmetropic, and 
4.5 D in order to adapt his eyes to the distance of 22 cm. An 
individual who sees with a convex 7.5 will have a hypermetropia 
of 7.5 — 4.5 = 3 D. 

Myopes up to 4.5 D will require convex glasses diminished by 
the degree of their myopia. Take, for example, a myope of 1 D ; 
if he had been emmetropic he would have required 4.5 D, but he 
will not require ao much now, since hia myopia already gives him 
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a HorpIiiB of refr&cting power of 1 D. He reijaireB, therefore, 
only 4.5 — 1 = 3.5 D, in order to see the test objectB at the 
required distance. 

As ametrope who sees with + 0.5 will be mTopic, because ha 
sees with a convex lens weaker Uiaa the emmetiope reqairea, and 
his myopia will be 4.5 — 0.5 = 4 D. 

The individaal who sees withont a glass will har^ as I have 
already said, a myopia of 4,5 — ^ 4.5 D. 

Those myopes, on the other hand, whose excess of rdractioD is 
greater than 4.5 D will have need of concave lenses whose aambeis 
added to 4.5 D will give the degree of the myopia. Thus, an eye 
which can see the near test objects only by the aid of a concave 
No. 2 will have a myopia of 2 + 4.5 ^ 6.5 D, since, in seeing 
withont a glass, it will have an excess of refraction of 4.5 D ; if 
it requires still a concave 2 D, this proves Uiat its refraction ia 
yet 2 D too strong. 

Yon see that in this manner we can easily determine the 
re&action ; but the method offers yet another great advantage, 
in that it gives to eyes of different refraction retinal images of the 
same size; only it demands, as does every plan for the determina- 
tion of refraction, that the accommodation be relaxed, and that 
the correcting lens be placed in the anterior focus of the eye at 
13 mm. in front of ita cornea. 

In this procedure, indeed, the retinal images of axial ametropias 
and emmetropia become equal. They are not those which the 
same eyes secure by the aid of their correcting glasses for distant 
vision, that is to say, of the emmetrope in a state of repose; but 
they are equal to those of an axial myopia, the punctum remotum 
of which is situated at the distance chosen. 

One other question which naturally presents itself after these 
considerations is this ; how large should the test object be which 
corresponds, in my method, to the normal acuteness of vision, that 
is to say, where the retinal image has a size of 0.00436 mm? In 
order to furnish so small an image to a myope of 4.5 D, or to an 
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emmetropic eye armed witli a convex glaea of 4.5 D, and, 
moreover, at so abort a diatance, the object ought not to be large. 
The calculation gives, indeed, only 0.0645 mm. as the distance 
between the two points of the object, and, therefore, only 0.32 
miUimetera as the total height of a letter which an eye endowed 
with an average visual acutenesa is able to distinguish at 23 cm. It 
is necessary, in order to effect this, to reduce the large test types by 
means of photography or photo-lithography, which is easily done. 

You will notice that the angle which corresponds to the tj^ical 
retinal image of 0.00436 mm. in the myopic eye, or an eye 
rendered myopic to the extent of 4.5 D by a concave or convex 
lens, does not correspond any longer to 1', but to 55". You will 
thus see that it will be more rational to take as the basis, and to 
measure the acutenees of vision not by the visital angh but by the 
retinal image. 

This method, like all the other methods for determining the 
refraction, requires that the accommodation be abolished. And, 
except by the employment of atropine, it will be more difficult to 
exclude the accommodation in near vision than in an examination 
at a distance. 

We saw, at our laat meeting, that the hypermetrope avails 
himself of the intimate connection between the convergence and 
accommodation to increase hia power of accommodation by in- 
creasing his convergence. We can employ the same principle in 
an opposite sense ; that is to say, we can diminish, if not annul 
the accommodation, by annulling the convergence. Give the eyes 
a parallel position, according to the principle Javal has used in his 
astigmometer. Place the test objects in a stereoscope of desired 
length, deprived of its prisms. In front of the eye to be examined 
are the test objects surrounded by a circle ; in front of the other 
eye a black field on which ia traced a similar circle. When the 
fields are united atereoacopically the two circles will be super- 
posed, and the two eyes being directed parallel, the accommoda- 
tion will be relaxed. 
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My method offers still another advantage, in that it readers 
invariable the distance between the lens, the teat objects and the 
eye. Thia laet point is of the greatest importance in determining 
the acuteness of vision at akort distances. Slight changes here 
prodace greater differences in the size of the retinal images than 
more considerable separations of the teat objects in the determina- 
tion at a distanoe. 

In certain other respects this method is preferable to the other. 
It enables ns to dispense with a great distance for the deter- 
mination of the visual acuteness and refraction, and to have a 
more regular and constant illumination. It iB easy to illumine 
the interior of our stereoscope with a regular and normal light, 
and at the same time exclude light from other sources. The 
windows behind the patient often interfere very considerably with 
hia vision, on account of their reflection from the surface of the 
correcting lens. 

This method can serve us in yet other determinations. As the 
Btrongest convex lens or the feeblfflt concave lens with which the 
eye can distinguish the smallest characters and attain to its 
maximum of visual acateness gives the re/Taetion, so the strongest 
concave or the feeblest convex lens will give the power of 
aocommodation. In distinguishing the letters without a lens 
the emmetropic eye uses 4,5 D of accommodation. But when 
it yet sees through a — 1 lens, which requires, in order to be 
neutralized, aa effort of accommodation of 1 D, it disposes of 
1 + 4.5 D = 5.5 D. 

The hypermetrope of 2 D who preserves the maximum of hi!) 
visual acuteness at that distanoe in spite of a negative lens of 3 D 
will have an accommodative power of 2 + 4.5 + 3 = 9.5 D. 

A myope of 3 D who sees with — 5 will have an amplitude of 
accommodation = 6.5 D. On account of his myopia he will only 
require 4.5 — 3 ^ 1.5 D to see at a distance of 24 cm, ; he has, 
therefore, called forth 1.5 + 5 D = 6.5 D. The myope of 5 D 
who sees with — 6 the same letters aa witli a 0.5 will have an 
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amplitude of accommodation of 4.5 — 5 + 6 = 5.5 D. In order 
to Bee a*. 24 cm. he will require not 4.5 D but 5.5 — 6 = 0.5 
concave. The one-half a dioptry of the 6 which the lens we have 
given him contains eervea, therefore, to correct the excess of his 
myopia, and the other 5.5 is employed simply to neutridize his 
accommodation. 

There is no need to multiply eiamplea or explanations, which 
would be only repetitions of what las been said. My intention 
was only to show you that our plan would serve, at the same 
time, to determine the amplitude of accommodation. 

For the examination of the accommodation we should place the 
teat objects at the middle of the base of the optometer and ciose 
the eye not under examination. 

Our apparatus will serve equally for those who wish to 
determine presbyopia, since the teat letters are placed at a distance 
of 23 cm. You will remember the definition we gave of that 
infirmity. Presbyopia was defined aa that condition of the eye in 
which it is no longer able to see at 23 centimeters ; in other 
words, it cannot dispose of more than 4.5 D of positive refractive 
power. While the strongest convex lenses give us the refraction 
of the eye, the concave lenses the amplitude of accommodation, 
the feeblest convex lenses give ua, directly and without reduction, 
the degree of the presbyopia. 

An eye which sees the test letters without a glass is not pres- 
byopic. An eye which requires 2 D to see them has a presbyopia 
of 2 D; another which requires 4 D has a presbyopia of 4 D, etc. 

I have no need to return to this subject, of which we have 
already spoken at length. 

It is unnecessary to add that in an optometer such as I have 
proposed it is not required to calculate in each case the number of 
the ametropia, or the amplitude of the accommodation, or the 
presbyopia, as I have done in order to the better explain my 
principle. We read on the apparatus directly the figures result- 
ing from the determination. 
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This method of determimng the visual acuteness is not yet 
employed in practice, and all those who have determined the 
visual acuteness by means of bits of reading or small letters have 
not taken into account the conditions which I have just exposed, 
and which alone render the determinations exact. 

The bits of reading, it is true, are in extended use, and serve 
generally for a rapid determination of presbyopia, since, as a rule, 
that which we desire is only to give to our patients such glasses 
as shall enable them to read and do fine work without fatigue. 
For this purpose the bits of reading are suflS^cient. The best are 
those which Jager (of Vienna) has published in all civilized 
languages, and which are distinguished by the exactness of their 
execution. 
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PEACTICAL EXAMPLES IN THE DETERMINATION OF 

REFRACTION, ACCOMMODATION AND 

VISUAL ACUTENE8S. 

Gentlemen: — -You are now acquainted with the principles 
which should guide you in the determination of the refraction, 
the accommodation and the acuteneas of vision. I shall, to-day, 
give you some clinical examples, for the double purpose of directly 
showing you the application of the fundamental principles which 
I have explained in the preceding lectures, and of giving certain 
practical suggeationa which I could not very well give in my brief 
exposition of the theory of these subjects without interrupting 
the thread of the discourse. 

Before making an examination of the state of vision, we should 
always subject the patient to a general inspection, by directing 
attention in particular to Vie oonformaiion of the face and 
cranium, the distance between the eyea, their relative positions, the 
transparenoy of the dioptric media, the diameter and mobility of 
the pupil, and especially the length of ike globe of the eye. 

The form of the cranium gives ua, in certain casea, indications 
of the state of the refraction of the eye, in so far as the flat, or 
dish face as it is called, presupposes hypermetropia, while certain 
forms of myopia are most frequently met with in persons with 
long heads ; but a sign more valuable than these is the asymmetry 
of the cranium which nearly invariably accompanies astigmatism 
(see Lecture vn). 

The distance between the eyes concerns ua particularly where 
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we have to order glasses for the patient It is, indeed, of great 
importance to separate the glasses by a distance correBpoDdiog to 
that which separates the eyes. It abould be equal to this when 
they are to be used for vision at a distance, a little less if they are 
to be used near at hand. Moreover, we have already seen, in the 
second lecture, that in cases where we have insufficiency of the 
internal rectus muscle, and consequently asthenopia, the distance 
between the eyes demands our closest attention. 

For the same reason we should examine the direction of the 
eyes, a high degree of insufficiency of a group of moscles mani- 
festing itself frequently by a eUght divergence or convergence of 
the visual aies. We should examine, moreover, the equilibrium 
of the internal and external recti by means of the separate fixation 
of the index finger, ae we Lave already explained in the fifth 
lecture. A convergent strabismus will be presumptive evidence 
of hypermetropia, a divergent strabismus, of myopia, 

Troablee of th« r^raeting nudia, such as spots on the cornea, 
deposits on the anterior capsule of the lens, commencing cataract, 
etc, will deprive us of the hope of a perfect acuteness of vision, 
in spite of the correction of the ametropia. 

The diamtUr and mobUiiy of ^e pupil will indicate to ua the 
atata of the accommodation, and often g^ve important indications 
as regards the fundus of the aye. In cases of amblyopia t^e pupil 
is frequently more or less dilated, and reacts tardily ondrar the 
inflawioe of light. 

Bnt the most valuable iodicatioiu are derived from an examina- 
tion of the ttngA of Ae baU, as we pointed oat at the beginning 
of tlkft tectturw on refrM^ioiL 

AAar tiua iaqiecUoaj vhidi, after a little practice can be 
eoinpteted in a few minates, «« oaoae the patknt to nt down, his 
back against the li^t, in froBt of tbe test types placed in a good 
li^t on Um wall five me(«9B distant, and proceed to tbe axamina- 
tioBof tlte aMteMtt qf vwionand tke rt^raeimt of the two e^es 
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I commence always with the better eye, this giving ua the more 
certain indications, and, in many cases, the nature of the ametropia 
of the other eye. We cause the patient to cover the worse eye 
with a screen. This simple proceeding is of considerable import- 
ance : in the first place, because it is necessary that the eye be 
excluded completely from the act of vision, of which we can never 
be certain so long as he covers the eye with the hand, since 
patients frequently see through the spaces between the fingers or 
the space between the nose and hand ; moreover, in covering with 
the hand it is difBcult to avoid more or less pressure on the eye, 
and this pressure, however slight it may be, always influences 
considerably the vision of the eye and is liable to lead us into 
error. 

We should not allow the patten.t to doae one eye, however 
gracefully he may be able to do it. Yon can never know that he 
is not deceiving himself, and still sees with the eye supposed to be 
closed sufficiently to supplement the other when it has come to 
the limits of its visual acuteness. Moreover, in the majority of 
cases, when one eye is closed the lids of the other are also brought 
more or less closely together, and this may be another source of 
error, by masking in part an anomaly of refraction, particularly 
astigmatism. 

You know, indeed, that many myopes (rwui/, to wink the lids), 
and especially the aatigraatics, partially close the eyes in order to 
see distinctly. In this manner they form a stenopaic slit, which, 
by diminishing the circles of diffusion, sometimes increases the 
visual acuteness considerably. 

Astigmatics can, on their part, exclude the vertical meridian of 
the eye, and thus obtain much more distinct retinal images. We 
should always watch the patient, and insist on his keeping the 
eyes wide open. 

All these precautions being taken, you see what the eye can 
distinguish without the aid of glasses ; afterward, to what degree 
you are able to increase the visual acuteness by means of spherical 
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glaaaes. Yon then determine the astigma.tism, if there be any, 
aod pass cm to examine the other eye in the same maaoer. 

The accommodation of each eye is then determined by turns, 
inctading the glasa which the patient reqnires for vision near at 
band, and finally, the amount of moecular insnfficiency. 

The ophthalmoacope will complete this examination, showing 
the real etate of the refraction of the eye, and giving an explana- 
tion of the amblyopia. 

Case 1. — A young woman of about twenty years preaenta 
herself, complaining of asthenopia, that is, that her eyea refuse her 
service when she has worked for some time, and especially in the 
erening. She b ansemic. The bridge of the nose and the zygo- 
matic regions are flat ; slight asymmetry of the face, the left half more 
developed than the right ; direction of the eyes normal; no insuffi- 
ciency ; pupils equal and movable. The left globe does not appear 
to differ notably from the normal length ; at any rate, it is not 
elongated ; the right globe manifestly short. 

The patient having told you. that the left is the better eye, you 
examine it first, and you find that it can read, without glasses, 
"So. 5 of Snellen at five meters distance. The acuteness of vision 
is therefore normal, and the eye is not myopic ; but it may be 
hypermetropic, and overcome its bypermetropia by means of its 
Acoom mod ation . 

Try, now, if the acuteneas of vision remains the same or 
improves with a very feeble convex glass, for example, + 0.5 ; the 
patient rejects it. There is, therefore, no bypermetropia mani- 
fosta, and you write : L. E. V. = f . 

The right eye, without glasses, can only see No. 36 of Snellen's 
aoalo (V = ^) ; with + 1 it sees the same letters, but more 
clearly, and even those of No. 24 ; with + 3 V becomes -j^. This 
is for this eye, the maximum of correction. No. 3.5 impairing the 
vi^liin. You have, therefore, R Hypermetropia manifesta (Hm.) 

■ 1 ', V ^ tV. 
Tho youthfulness of the patient makes you suspect that a part 
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of the hypermetropia, in the right eye as well as in the left, ia 
masked by the accommodation. This presumption is further 
justified by the fact that the two eyes are very soon fatigued by 
close fixation, as is nearly always the case in hypermetropia. 

How can we discover the latent hypermetropia? There are 
two infallible means — atropinization and the ophthalmoscope. 
You would not, however, as yet, submit the patient to atropiniza- 
tion, which will deprive her for some days of her power of 
accommodation, and consequently render her unable to do close 
work ; moreover, it is unnecessary if you can, with facility, 
determine the refraction by means of the ophthalmoscope. This 
examination discloses the fact that there is 1 D of H on the left ; 
4 D on the right. There is, therefore, on the left, as on the right, 
1 D H latent. 

It would aeem that we ought to be able to determine the exact 
amount of the ametropia by means of the punctum proximum. 
At the age of twenty years the eye possesses an amplitude of 
accommodation of 10 D ; the emmetropic eye ought then to be 
able to distinguish the smallest objects at a distance of 10 cm. 
The hypermetropic eye, on the other hand, will not be able to see 
BO near ; thus, a hypermetropic eye of 1 D will only have 10 — 1 
= 9 D of positive refraction, and its punctum proximum will be 
found at 11 cm. If the hypermetropia of the right eye is 3 D 
this eye will possess only 10 — 3 = 7 D of positive refraction, and 
its punctum proximum will be found at 14 cm. 

In our case, where the total hypermetropia is 4 D, the positive 
refractive power will be 10 — 4 = 6 D, and the punctum 
proximum will be situated at 16 era. You see that if the differ- 
ence between the manifest hypermetropia and the latent hyper- 
metropia is only 1 D the difference in the position of the punctum 
proximum is likewise very small, and it will be difficult to use it 
in determining the state of the refraction by this method, and so 
much the more as the amplitude of accommodation presents great 
individual variations. 
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not, the patient preferring the 0.25. Then pat the spherical and 
oylindrical lenses to a frame which has a movable ring, and let 
the patient find the position of the cylinder in which she sees best. 
You then read off the degree of inclination which the axia makes 
with the vertical ; it is 5°, aad with this correction the patient 
reads some letters of No. 6 of Snellen. Ton see that the correc- 
tion of this feeble degree of astigmatism baa been sufficient to 
doable the acatenesa of riaion. Such oases are not rare. 
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Let us now examine the accon:imodatioD. The patient reads 
the smallest characters of our teat-types with the left eye up 
to 11 cm., with the right up to 15. But the eyes are soon 
fatigued. It is to this feebleness of accomraodation, in conjunction 
with the ansemia of the patient, that we can refer the asthenopia. 
We therefore order iron and the use of glasses, aa follows : — 

L. Convex 0.5 D. 

R. Convex 3 combined with convex cylinder No. 0.25, axis 
inclined 5" to vertical. 

And all the symptoms of asthenopia will soon disappear. 

Yoa will observe that I did not order a glass correcting the 
total hypermetropia. Practical experience has taught me that 
young hypermetropea very frequently have great difficulty in 
accustoming themselves to the correction of their total hyperme- 
tropia. On this account I usually begin by giving them feebler 
glasses than they require, and ordering stronger ones afterward, 
if the asthenopia continues. 

It is of great importance to cause her to bring her right eye 
into active exercise. You should advise her, therefore, to read, 
and work half an hour, twice each day, with the right eye armed 
with the correcting glass, the other being closed. 



Case 2. — ^A mother brings you her young daughter of fifteen 
years. She has been suffering from a very severe diphtheria, and 
is very pale. However, she ia mach better now, but since her 
convalescence has aet in, she has noticed that she can no longer 
see close at hand, though her distant vision is good enough. 



The first fact, the audden appearance of the difficulty in near vision, 
causea us to think of paralysis of the accommodation, and the 
second, the conservation of good vieion at a diataace, renders thia 
supposition almost certain. It indicates, also, that there is neither 
myopia nor amblyopia. 

Indeed, if a young person complains of an inability to see close 
at hand, that is to say, at about 20 cm., without there is reaaon. to 
12 
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aappose the existence of amblyopia, it does not prove that there is 
a paralysis of accommodation, bocause the anbject may be hyper- 
metropic to such a degrea that all tbe power of accommodation is 
expended to correct the faulty refraction ( — r) and tbare no 
longer remaina enough of positive refraction to bring the punctam 
proximum within infinity. The individual can, therefore, be 
strongly hypermetropic, but, in such cases there ia nearly always 
iwtigmatiam, or an impairment of sight, and the vision at a 
diBtance ia no longer perfect. 

Paresis of the accommodation in youth ia the same aa pres- 
byopia in advanced age. A man of fifty years, who sees well at a 
distance, but not near at hand, is either emmetropic or feebly 
hypermetropic, and just beginning to become presbyopic. The 
supposition of hypermetropia becomes the leas probable as the 
individual becomes older. An individual, on the other hand, who 
oan aee well neither at a distance nor near at hand — having no 
other ocular lesion — ia hypermetropic, and in a degree the stronger 
as the punctum remotum ia further removed, and the age less 
advanced. 

Persons who aay they aee well near at hand, but not at a distance, 
are myopes, and thoae who do not see either near or at a distance, 
even with ordinary (spherical) glasses, are aatigmatica. 

But to return to our young patient ; the pupils are very much 
dilated ; by covering and uncovering the eyes they react slowly 
and very imperfectly. Your diagnosis is made. You have now 
only to determine the degree of the affection, that is, whether the 
paralysis of the accommodation is complete, or whether there ia 
only a pareaia of the accommodation and its extent. 

The patient reads without a glass, with both eyes. No. 5 of 
Snellen placed at 5 maters ; visual acuteness is therefore normal 
(f ). Nevertheless make a trial of convex glasses ; she reads No, 
4 with + 3 but not with 3.5 ; there is, therefore, H i= 3 D ; 
V ^ J. But the correction being incomplete, the patient dis- 
I, without a glass, only No. 5 (the circles of diffusion are 
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not sufficiently great to render the characters iUegibls, but they 
render more diffuse those of No, 4 which are smaller). 

It 18 useless to try if the patient reads near at hand, siace the 
accommodation does not suffice to correct the totality of her 
hypermetropia, that is to say, to hriog the punctum proximum to 
infinity, and it cannot, of course, bring it to a finite distance. 

In such a case, find the feeblest convex glass with which the 
patient has her maximum of acuteness of vision, J, Yon' find that 
it ia No. 1 D. The patient has therefore preserved an amplitude 
of accommodation of 3 — 1 = 2 D, in the place of 12 which 
corresponds to her age ; she has Itrat, consequently, 10. 

"What number would you give her for reading and writing at 
30 cm, (ordering a tonic regimen to bring back the total accommo- 
dative force)? The weakest convex glass which allows her to see 
at that distance, in order not to leave the accommodation without 
exercise. 

To see at 30 cm. there is required a positive refraction (p) of 
■^^ ^ 3 D, For a hypermetrope of 3 D, deprived of hia accom- 
modation, there will be required 3 + 3 =: 6 D ; but since the 
patient still possesses 2 D of accommodation we give her only No. 
(6-2=)t 

Case 3. — Tou have an old man of seventy who complains that 
the glasses he has used for many years are unsatisfactory. He 
only began the use of glasses for near work at fifty-five years, 
which would lead us to suppose that he was slightly myopic, or 
that he has been accustomed to read and write at a very great 
distance, since emmetropes usually begin to use glasses at the 
forty-fifth or fiftieth year for reading and writing; hypermetropes 
earlier and myopes later. 

You determine the state of his refraction and find emmetropia 
on both sides. V, on the left side, = |-g-, that is to say, he 
distinguishes No. 25, of Gfreen, at twenty feet. On the right aide 
V = U- The emmetropia you find now does not exclude the 
possibility that the patient was myopic previously. On the 
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contrary, the diagram of Donders (Fig, 20) ahowa ua that the 
paaaive refracting power of the eye (r) dimiuiahes from the age of 
Bixty-five years, and that at the age of seventy it is one dioptry 
feebler than it was at sixty-five years. Oar patient may thereforii 
have had a myopia of one dioptry which, afterward, gave place to 
emmetropia. The glaeaea he is using are the old No. 18 (2.2 D). 
Toa are astonished that the patient has heen ahle to ase these 
glasses for so long, since he aaya that he can read large letters 
with them for a while, though he cannot continue it for any length 
of time and the light must be very good. 

You then ask him to show you how he reads, and find that he 
reads No. 1| of Snellen by holding the book at a good distance from 
the eye, and if lie reads by a lamp he places it between the hook 
and the eye. With his No. 18 (old system) he reads at a distance 
of 40 cm,, if not continuously, at least for a time, and the strong 
light contracts his pupils so that the circles of difi'uaion produced 
by the letters for which the eyes are not perfectly adapted become 
smaller, and the retinal images more distinct. You aak him at 
what distance he wishes to read, or at what distance he has been 
accustomed to read. He indicates a distance of about 30 cm., and 
he tells you that he wishes, above all things, to read any length of 
time without iatigue. To see at 30 cm. without fatigue he requires 
3D. 

In examining each eye separately, you will find that it is only 
the left eye which reai^ the small characters at the distance indi- 
cated, the other eye, the visual acutenesa of which ia impaired, 
only reading the larger ones. This is perfectly natural ; if letters 
for distant vision must be triple the size of those for the other 
eye he will, of course, require larger characters for near vision. 

The acuteness of vision of fg- (Green) in the left eye does not' 
fall below the standard for the age of the patient. At seventy 
years the transparency of the dioptric media, and the sensibility 
of the retina have, generally, been reduced so as to*diminish the 
acuteness of vision one-fourth. The oblique illumination ahows, 
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in this case, opacities of the media, the oplithalmoacope senility 
of the optic nerve. But the other eye, which haa only V = |^, is 
not normal. Cause him, therefore, to fix a small luminous point 
not far distant from the eye and he will, without doubt, see it 
multiplied. This polyopia is explained by a commencing cataract. 

Case 4. — A young man of thirty enters your room with his 
glasses on his nose and his head thrown back in the air. He is 
myopic ; his eyes are not only prominent, aa we sometimes find 
them even in hypermetropes, bat large, and particularly long, as 
you can easily convince yourself by separating and 'drawing back 
the lids. 

Daring this examination he tells you that he has a brother and 
two sisters myopes, and another brother who is not. He has 
never seen well at a distance, and he has sometimes used the glasses 
of his older brother. 

You ask him if his parents are myopic. "Not at all," be saya ; 
hia father, especially, has always had excellent sight, since he was 
seventy years old before he was required to use glasses, and was 
always able to distinguish the finest characters. This is positive 
proof of myopia, because an emmetrope of seventy years would 

The glasses which he uses, he tells you, have been selected by 
an excellent optician, and are the best that he could find. The 
number of these is 6J of the old system. He says that he haa no 
affection of the eyes; that, on the contrary, his eyes are very 
strong; he sees the smallest objects and reads bad print even in 
bad light. He does not come at all for an examination, but only 
wishes a collyrium for some neuralgic pains which he aometimea 
feels in the eyes and forehead, like a kind of migraine. 

You examine, as usual, each eye separately, and with so much 
the greater carefulness because the patient has been, up to this 
time, his own physician, and is very glib with such scientific terms 
as irido-choroiditis, pyramidal cataract, gerontoxon, etc. 
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You begin by taking a book \iilh the finest print, and aearching 
for the greatest distance at wbicb he is able to read it ; you finally 
find it to be 20 cm., whicli correBponda to 5 D, 

At a distance he can make out no letters of the scale; yon 
commence by giving him a concave No. 4 ; he reads then up to 
No. 0.4 (Monoyer); with 4,5 he reads some letters of No. 0,5; 
with 5, all of line No. 0.6, with the exception of and E, which, 
however, are not hard to make out ; on the other hand, he can 
decipher a few of No. 0.7. The No. 6 glass seems better, but he 
can read no further with it. Myopia of the left eye is therefore 
equal to 5 D ; V about 0,6-0,7. The same is found on the right 
aide. 

His glasses are No. 6J of the old system, which corresponds to 
the new number 6. If you test them you will find that the glasses 
are even stronger than their number indicates, and that they 
correspond to the No. 6.5 of the new system (6 of the old system 
instead of 6|). He has, therefore, always worn glasses stronger 
than his myopia has required ; and no doubt they have fatigued 
his eyes considerably, on account of the effort of the accommoda- 
tion which they have demanded. Now, at the age of thirty years, 
when the accommodation is not so powerful as at twenty, this 
fatigue becomes intolerable, and the patient finally acknowledges 
that, in spite of his escellent number, he can no longer see so well 
at a distance as others. 

To what tan we attribute his amblyopia ? There has probably 
been some choroidal troubles, frequent causes of myopia and 
amblyopia, which are readily appreciated by the ophthalmoscope. 
But first see if he has no astigmatism, which the confounding of 
letters leads us to expect. 

You place the card of radiating lines before him at a distance 
of about five meters and try his left eye with concave No. 5 
spherical ; he tells you, after a. certain " searching," that he sees 
distinctly only the line on the right side, inclined 10° to the ver- 
tical, while all the other lines are more or less indistinct, eape- 
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cially the one which is perpendicular to the direction indicated, 
that ia to say, inclined on the left 80° to the vertical. 

There ia, therefore, regular aatigmatiam ; one of the two principal 
meridians ia inclined on the right 10° from the vertical, the other 
on the left 80° from the vertical, and this latter ia myopift to the 
amount of 5 D, since with — 5 the Unas perpendicular to its direc- 
tion are seen clearly and distinctly. 

In order to determine the refraction of the other principal 
meridian you combine with the spherical — 5 a convex cylindrical 
No. 0.25, aiia inclined on the left 80° to the vertical. The 
patient does not see so well. Therefore we judge this meridian to 
be more myopic than the other. You now try the concave 
cylinders, beginning at 0.25. 

The patient, we find, finally, aees best with — 0.75 axis 80° on 
the left ;* all the linea of the figure ap- ^^^ ^^ 

pearing to him to be equally clear, and «= 

the acutenesa of vision, which we should 
always try as the final teat of our cor- ^^^^^^^i^;-^^^ 

rection, has become 1 exactly. For the '*' *^ 

right eye you find the same ametropia, only the Inclination of 
the astigmatic meridian is symmetrical to that of the left eye, 
that is, the inclination of the axis of the No. 0.75 cylinder muat 
be 80° on the right. 

Our examination has proved to us that the diS'eren^ in the 
refraction of the two meridians ia 0.75 D. Thia is incontestable, 
but are we ao aure that the myopia in one is 5 D and in the other 
ifl 5.75 D ? No ; because a portion of the myopia may be due to 
an effort of accommodation. In order to convince youraelf of this, 
combine with the cylindrical 0.75 a moderately strong spherical 
glass, and you will be aatoniahed to find that even with a spherical 
— 4 combined with a cylindrical — 0.75 the patient sees as well 
as with the No. 5. He will tell you, moreover, that he aeea much 

* We iDdicate the incliaatioii of the axiiB by a double line and in its relation 
to the vertical 0°, oa hHowd in the diagram (Fig. 21). 
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larger, and that this glass fatigues his eyes much less than his 
owD glasses. 

It very frequently happens that astigmatic myopes, who, never 
seeing distinctly, are led to use stronger and stronger concave 
glasses because they mistake the smallnesa of the object for 
distinctness. 

The muscles of accommodation are, therefore, thrown into a state 
of permanent contraction ; they suffer, in consequence, oftentimes, 
from an extreme asthenopia, accompanied by neuralgic pains and 
photophobia, and what is still worse, choroiditis, which is often 
the cause of the myopia, finds in this constant irritation of the 
ciliary region an i^gravating factor. 

After having verified the degree of myopia by means of the 
ophthalmoscope, which is found to be 4 D, you order for tha 
patient, for distant vision, the following glasses : — 

L, E. Spherical concave No. 4 combined with a concave 
cylindrical 0.75, axis 80° to the left. 

E. E. Spherical concave No, 4 combined with a concave 
cylindrical 0.75, axis 80° to the right. 

In writing the order for cylindrical glasses it is always well to 
make a diagram of the spectacles as they appear when lying on 
the table, with their branches in the air, just as the patient wiU 
look through them ; that is, with the lens on the left side corre- 
sponding'to the left eye, the right lens to the right eye. On this 
the degree of inclination of the axis of the cylinder to the right or 
left of the vertical can be indicated, and any misunderstanding or 
mistake avoided. 

In order to see near at hand you give him only the cylinders 
which correct the difi'erence of refraction in the two meridians, 
that is, concave cylinders No. 0.75, with axes directed as above 
indicated. These will be found to work admirably ; objects which 
he looks at will appear more sharply defined, letters blacker, and 
what is of more consequence, he can remove objects much further 
from him, though the glasses have hut a feeble action, and only 
in one meridian. 
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Tou give him, moreover, sucli hygienic advice aa we should 
never neglect in dealing with myopes. "We have already pointed 
out what this should be, in the lectures devoted to diagnosis. 

Tour patient leaves you in serious doubt of the infallibility of 
his optician and his own ideas of iri do -choroiditis and visual power, 
but, on the other hand, distrustful of the discovery which you 
have made as to the condition of his eyes : " no coUyrium and aa 
order for complicated glasses I" 

He returns after a short time- He has tried to follow your 
advice; for reading all goes well; for distant vision it is well 
also, but it is impossible for him to play the piano. K he uses 
hia glasses for near vision he must bring himself too close in 
order to see the notes distinctly. This is evident, since his myopia 
is 4 D after correction of the difference in the two meridians, and 
in order to see at the distance of the notes, 50 centimeters, he 
must have ^jfL = 2 D. Although it will not be necessary to 
completely neutralize his myopia, it must be diminished by 2 D 
(4 — 2 ^ 2). You will therefore give him for both eyes spherical 
concaves No. 2, with concave cylinders 0.75, axes as abova All 
difficulties will then d 



Case 5. — You have here a young man of about sixteen 
years. He has never seen very well, either at a distance or near 
at hand, and yet he has never been able to find any glasses which 
would correct his faulty vision. Since he has been following a 
course of mathematics the difficulty in his vision has become a 
serious obstacle, in the first place because he cannot see the charts 
on the wall, and in the second place because he has the greatest 
difficulty in making geometrical drawings. 

His eyes present no alterations visible to the naked eye ; they 
are neither excessively short nor excessively long. But you cannot 
help being struck with the asymmetry of the face, which is quite 
pronounced. Your thoughts, therefore, turn immediately to 
astigmatism. 

You now examine the left eye, according to the rules already 
pointed out. Without a correcting glass he reads, but c 
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and with difficulty, the firat two lines of No. 1 and 0.2 (Monoyer), 
and if be attempts to make out more be commitB very great and 
curious errors. He confounds letters which have no resemblance 
to each other, and sometimes maltes out a complicated letter while 
he cannot distinguish a very simple one by its side. 

A convex No. 1 increaaea the visual acuteneaa to 0.2 or 0,3, but 
no more ; atroager convex gla,ases diminish it. 

Place before him the radiating figure and put the convex glass 
No. 1 before bis eye. He sees only one line distinctly and that 
not perfectly black. This is the vertical line ; all the others are 
confused. 

Too add a convex cylinder 0.5, with its axis in the direc- 
tion of the line which is least diatinct and perpendicular to the 
line which appears cleareat ; the lines then appear more confused. 
The vertical meridian does not, therefore, appear to be hyper- 
metropic, since the horizontal lines and those approaching it are 
not clearer with + 1 spherical, and are even less distinct with 
a + 0.6 cylindrical. But by turning the cylinder before the eye 
you wiU find a position in which the vertical line appears more 
distinct than with the spherical alone. This is when the n.Yis of 
the cylinder is vertical. The horizontal meridian is, therefore, 
more hypermetropic than 1 D. 

Now try cylindrical glasses atil! stronger, and the vertical line 
will become yet more diatinct and the neighboring lines will also 
become clearer. Finally, with cylindrical + 4, all the Unea are 
clearly made out, with the exception of the horizontal and two or 
three of those nearest it. 

With this combination, spherical -I- 1 and cylindrical + 4 axia 
vertical, the acuteness of vision becomes 0.5. This is truly a 
wonderful result, compared with that obtained with the spherical 
lens alone. But you miist not content yourself with this, knowing ■ 
well that the vertical meridian is not corrected, since tha 
horizontal lines do not appear aa clear as the vertical. 

You already know that this meridian is not more hypermetropic 
than 1 D, Try and see if it is emmetropic, that ia to say, if all 
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the hnee are clear and distinct without any other correction than 
that in the horizontal meridian. This has a hypermetropia of 
4 + 1 = 5 D (4 cyl., 1 spher.}. With a cylindrical + 5, axis 
vertical, the lines are seen ahout as before, possibly more dis- 
tinctly, and by adding a negative cylinder of 0.75 D, axis hori- 
zontal, the horizontal lines become as distinct as the others, and 
the acntenesa of vision comes up to 1. You have to do, therefore, 
with a mixed astigmatism, hypermetropia of 5 D in the horizontal 
meridian, myopia of 0.75 T) in the vertical, and you order glasses : 
convex cyhnder No. 5, axis vertical, combined with a concave 
cylinder of 0.75 D, axis horizontal. 

The right eye is found in a similar condition. 

I have found exactly this degree of astigmatism with the same 
acuteness of vision, 0.2 before and 1 after correction, in one of our 
most distinguished colleagues, only the axes of the principal 
meridians are somewhat inclined. 

It is an interesting fact that Dr. B. can counteract his astigma- 
tism by means of a concave cylinder of 5.75 D, axis horizontal, by 
calling into play his accommodation. In this case an accommoda- 
tion of 5 D corrects the hypermetropia of the vertical meridian, 
while it increases the myopia of the horizontal meridian in an 
equal degree, and this latter then becomes 0.75 + 5 ^ 5.75 D. 

But this case offers another point of great interest. He can 
completely neutraUze his astigmatism and render his visual acute- 
ness normal by applying the tip of his finger on a point of the 
globe situated upward and outward, and a Httle behind the border 
of the cornea, about on a level with the equator of the lens. 
The pressure exerted on this point is in the direction of one of the 
principal astigmatic meridians. 

But I will not multiply examples, convinced that with the 
indications contained in the preceding lectures you can, without 
difficulty, determine the nature and degree of the various forms 
of ametropia; and that the examples just given, which exemplify 
the most complicated cases, will aasiafc you in those of greater 
difficulty. 
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LECTURE xrn. 



EXAMINATION OF THE PERCEPTION OF COLORS. 

Gentlemett : — ^We propose to-day to enter into the atady of the 
perception of colors. This is, as yoa shall see by and by, one of 
the most important chapters in the study of the fuDctions of the 
organ of vision, and so much the more on account of the extent of 
its application beyond the limits of ophthalmology pure and simple. 
Its history is not a long one, for it has been developed almost 
under our very eyes. 

Ancient history has left us no study on the subject except the 
treatise of Pliny, where the latter upbraided hia fellow citizens 
for being, in painting, inferior to the ancients, who only recognized 
four colors, while iu his time they were in possession of a very 
large number. 

Afterward there appeared the great treatise of Leonardo da 
Vinci on the art of employing colors, the first edition of which 
was published in Paris in 1651. The interest of this most 
important worfe is confined principally, however, to painters. 

In reality, it is from the time of Newton that we must date the 
study of the physics of colors. It is to him and to Thomas Young 
that we owe the scientific basis of our present knowledge of the 
subject. J 

As to the anomalies in the perception of colors, they were m 
neither known nor studied previous to 1830, when Dalton pub- 
lished hia observations on achrotnatopaia. 

Himself affected with a peculiar kind of achromatopsia (he was 
unable to distinguish red) he described with great exactness his 
condition, and drew to this the attention of Savantt. From this 
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fact cornea the name Daltonism, which has been too freely applied 
to all affections of this kind. 

You will observe how near to ua the date of thia discovery ia ; 
and although the number of cases in which we find some abnor, 
mality in the perception of colors ia already quite conaiderable, 
WQ are every day more aatoniahed at the frequency of thia defect 
of vision. One fact ia, in particular, an evidence of this: In 
England, Norway and Sweden a aeriea of railway accidents have 
happened under precisely the same conditions ; coUiaiona of traina, 
in spite of the signals which indicate an obstacle on the track, 
On interrogating the engineers, they asserted that they did not 
recognize the signal, which is green when the way is free and red 
when there is an obstruction. The vision of these engineers waa 
then examined, and it waa found, to the great surprise of all, that 
there were many who could not distinguish red from green.* 

The employes on the railways were then examined, and so large 
a number were found affected with anomalies aa regards the 
perception of colora that they were compelled to contrive aignala 
of another character. 

Such an examination waa also made in Holland and Germany. 
The same may be said for some companies in France ; others have 
done away with all colored signals except red. We shall see 
further on whether thia will suffice. I am perauaded that after a 
time all the railway companies will cease to uae colored signals, 
and employ only those with different outlines. 

But the examination of the perception of colors has otherwise 
a very wide application. Indeed, this function is found altered, 
not only in many affections purely ocular, but alao in a consider- 
able number of diaeasea affecting, either primarily or secondarily, 
the brain and spinal cord. Among theae I will cite locomotor- 
ataxy, that form of hysteric epilepsy so well deacribed by Charcot, 
chronic alcoholism, etc. But we will reserve theae for later study. 



So for M we have been able to leam, no accidents have occurred in the tTnitGd 
JB which could be referred to an ioabtlit; to diatingaiah these «o\ai-eigaaia. 
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when we will undertake the examination of the retina throughout 
its whole extent, in relation to its perception of colors. 

We shall first consider colors, in the proper acceptation of the 
term, from a physical standpoint. 

We divide colors into simple and compound, the latter being a 
combination of two or more simple colors. This combination, if 
made in certain determined proportions, produces white. We 
ought, therefore, in decomposing white, to be able, at will, to 
reproduce the various simple colors. We have the proof of this 
in the rainbow and the solar spectrum. 

You all know how the solar spectrum is obtained; a beam of 
white light is let fall on a transparent prism, which refracts differ- 
ently the various colors of which white light is composed. 

In order to obtain brilliant spectral colors the light must be 
very intense and the spectrum must be produced in a dark room. 
Now, since this last condition is difficult to obtain in our dwellings, 
and we have not always the sun at our disposal, a portable 
apparatus has been constructed, which, when directed toward a 
luminous object, gives a spectrum in the interior of a tube. Such 
an instrument is called a spectroscope. 

I show you one here. It consists of a metallic tube black- 
ened on the interior and having at one end a diaphragm in 
which there is a slit that can be widened or narrowed at pleasure. 
The light, after passing through this slit, falls upon a prism, by 
which it is decomposed. An ocular fixed at the other end of the 
tube magnifies the spectrum and adapts the eye of the observer 
to the distance at which it is produced. By directing the spectro- 
scope toward a white object we see a spectrum more or less intense 
according to the illumination of the object. 

All the colors of the solar spectrum are simple, and cannot be 
further decomposed. If a green ray, for example, is allowed to 
fall on a prism it will be deviated in its proper direction, but 
not decomposed. If you look with the spectroscope at one color 
of the rainbow, you will not see a spectrum, but only a short band 
of the color examined. 
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As to the colors employed in the arts and industries, and such 
as are used in coloring papers and other materials, they are simply 
finely powdered colored matter; cinnabar, for example, and chro- 
mate of lead, sulphate of copper, and cobalt which is only very 
finely powdered glass of that color, etc, 

All these materials, even the transparent colored bodies {liquids, 
glasses, etc.) color by absorption. They absorb certain rays of 
the white solar light which falls on them; the other raya pass 
through the body and constitute, by their mixture, the color 
peculiar to that body. The opaque colored bodies absorb, also, 
certain of the solar rays, and that which gives color to the body 
is the raya which are reflected after having passed through a layer 
of greater or less thickneaa on the surface. 

The coloring matters are, therefore, rarely pure colors, but in 
the majority of cases, only a mixture of colors, notwithstanding 
the resemblance they bear to the simple ones. Of this you can 
easily convince yourself; look at any colored surface through a 
prism or spectroscope, and you will see that the principal color of 
that surface is decomposed into a aeries of colors, the combination 
of which made the impression on the eye of but a single one. 

Here is a paper which appears to you of a perfectly pure red ; 
that is, it appears to you exactly like the red of the spectrum or 
rainbow. It contains, as you can easily convince youraelvea, not 
only red and the shades of red, but also yellow, violet, and even 
green and blue. This green paper furnishes us a spectrum so 
complete that you would not be able to judge correctly of its color 
by simply looking at it through a prism. 

All this is of no great importance as far as regards art and the 
industries, whose aim is to produce on the eye certain impressions, 
it matters not by what means. But for our examination of the 
condition of the perception of colors in a given eye it is not a 
matter of indifference whether we employ simple or complex 
colors. 

If, for example, an eye cannot perceive red, there will be a. 
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very differeat impresaioD made by the pure red of the spectnim 
w)d an artificial red, which coataias, moreover, a series of colors 
which the eye cannot perceive. 

For exact experiments the spectral colors are always to bo 
preferred. They allow of a rigorous examination, and one 
comparable throughout ita extent. Unfortunately they are not 
May to produce or manipulate, because, in order to have the colors 
of BufBoient intensity, we must have a very bright sun-light, a 
dark chamber, a heliostat, and a spectral apparatus; in a word, 
wo must have conditious which we can seldom command in the 
routine of practice. Another serious obataele is the difficulty of ■ 
combining the various colors of the spectrum, an indispensabtal 
condition for a thorough and satisfactory examination. 

Colored materials are, on the other Land, found everywhere. I 
They are easy of combination, and we can have them on surface 
of any desired dimensions. In order to make a rigorous examin&-l 
tioR, however, we should always have a spectral analysis of thel 
color employed. 

What would you say of a physiologist who would publish his 
experiments with a bitter substance without indicating its nature? 
" It produces," he says, " tetanic symptoms," Another can denyB 
this result from his experiments with a substance likewise bitter.9 
Both, however, are right, if the first has employed strychnine aadi 
the other quinine. 

If you employ two colors of red, they may he very different i 
their bases, one containing much blue and the other a largi 
proportion of yellow. In order to make the experiments with t 
colors uniform, account must be taken of the various elementary 
colors which the materials used reflect or transmit. 

It ia very easy and simple, however, to analyze any colored 
material. You have only to look at it through a spectral 
apparatus and you have its composition directly. A simple prism 
will suffice if we look through it at a small band of the color on q 
black or white ground. 



EXAMJHATIOS OF THE PERCEPTION OP COLORS. 



185 



Kow, the question arises, how caa the various colors be mixed ? 

I will not describe tbe methods for corabiQing the colors of the 
spectrum, which are very complicated and cannot be used in 
ordinary practice.* It is otherwise, however, with the mixing of 
colors used in the industries, and ws shall limit ourselves to the 
consideration of these. 

But you must bear in mind that we do not, like the painters, 
mix the colored materials, but the light reflected from them. 
They are very diS'erent things. When a painter mixes a number 
of colors the resulting color is not like that which we obtain by 
mixing the light reflected by these colors. He takes a certain 
blue and a certain yellow, for instance, to make a green. If 
you mix, on the contrary, the same blue and the same yellow 
light, as, for instance, by superposing the blue and yellow of two 
solar spectra, you obtain a rose color aa the result. Of this you 
can easily convince yourself. 

We have not two solar spectra a.t hand, but wa have here an 
apparatus which allows us to mix the light reflected from colored 
materials. Here is a disc of pasteboard (Maxwell's disc). I have 
made on it two concentric circles. The inner circle has been 
painted by a mixture of blue and yellow, to which the name of 
green has been given. The external circle, however, has been 
painted half in blue and half in yellow. 

If we turn this disc rapidly about its axis, by means of a clock- 
work, you will see that the inner circle remains green, as it was 
before, while the outer part gives you a luminous impression, 
resulting from the fusion of the two impressions coming from, the 
blue and yellow. The result is a rose color, entirely distinct from 
the^green at the centre. 

In order to explain this phenomenon let ua take two colored 
glasses, one blue, the other yellow. In superposing them and 
looking at the sun, or a white object, you see it colored green. 

* Yoa will find a deBcription of these methods in Helmhotu'B " Ph^Biological 
Optics," p. 303, Paris edition. 

13 
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But this color does not represent the result of an addition, bat,] 
on the contrary, of a subtraction of colors. 

The blue glass absorbs all the rays of wbite light, including the 
yellow, except the blue and greenish. The greatei- part of the 
rays absorbed would pass through the yellow glass. This glass, 
on its part, will absorb nearly all the rays which would pass 
through the blue glass, especially the blue raya. What remains 
and comes to our eye is the color which has not been absorbed 
either by the blue or the yellow glass, and this color is green. 

We have, therefore, not combined the blue and the yellow, bat 
have, on the contrary, cut off from the light coming to us t\ii 
blue and yellow rays, and see only that which is left. 

It ia the same in painting. We would find it exceedingly 
difficult to convince a painter that a, mixture of the seven simple 
colors would produce white. And why ? Because, in mixing the 
colors on his palette he never obtains white, but only a grayish 
purple. 

Ton will see, on the other hand, that nothing is easier than 
to have white by mixing the light reflected from these various 
colors. 

The direct proof that we have not made an addition of coli 
in superposing the two glasses is this : The yellow glass 
evidently much clearer (that is, contains more light) than 
blue ; and moreover, the color (green) which we see through 
blue and yellow glasses auporpoaed is much darker than that of 
each glass taken separately, desper even than the blue which we 
have from the superposition of two blue glasses; a convincing 
proof that the first combination absorbs more light than the second. 

I shall not occupy time in describing all the numerous methods 
which we have for producing a true mixture of colors.* In order 
to effect this it is not necessary that the impressions be produced 
simultaneously, but since each of the impressions continues for a 

L the "Traiti Complet d'Ophthalraologie " — 
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certain time it suffices to let them follow each other at short 
intervals. 

For this purpose we use a disc, on which can be placed as 
many colored sectors as we desire. Tliia disc ia mounted on an 
apparatus which gives it a rotation ao rapid that the eye can no 
longer discern the various individual colors, but only perceives 
the resultant color from the combination of all. 

In order to determine exactly the quantity of each of the colors 
which enter into the mixture, we employ circles of colored paper 
which are cut in one of their radii. In this manner one can be 
slipped under another to any extent desired, and the exposed 
portion measured by means of a protractor. 

If it ia desirable to compare the various combinations, it suffices 
to produce them by means of concentric colored circles of different 
diameters. 

Our apparatus is capable of making 80 revolutions per second, 
but from 50 to 60 revolutions generally suffice. 

A statement of these physical facts was necessary to a proper 
nnderatanding of what is to follow ; and we will pass now to the 
physiological part of the subject — to the theory of the perception 
of colors. The one that is most widely known is the theory of 
Young, further developed by Helmholtz. According to this theory 
the eye posaesses three distinct kinds of nervous elements, each of 
which receives one of the three fujndamentai colors : red, green, 
and violet (or blue}. 

The first kind of these elements ia escited' in the highest degree 
by the red rays, but also somewhat by the green, and feebly by the 
violet. 

The second kind is affected by the green raya, and at the same 
time by the red and violet. 

Finally, the violet rays excite strongly the elements of the third 
species, which are also somewhat sensible to the action of green 
rays, and very slightly to the red. 
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Each of these varieties excited separately transmits to the brain 
the impression of the fundamental color which is peculiar to it. 

The intermediate colors are produced by the excitation of two 
or three of these groups of elements in different degrees. 

Excited in equal degrees the three combined give us the impres- 
sion of white (or gray). You can demonstrate this for yourself 
by the following experiment: I have adapted to the disc 'of 
Maxwell two concentric discs of different dimensions, the smaller 
composed of black and white, the other of red, violet and green. 
On rotating the instrument rapidly the same impression (gray) is 
produced by both. 

You ask, probably, why I obtain gray and not white by a 
mixture of the fundamental colors. The answer to this question 
is very simple. White is only a relative expression. A paper 
which you would not hesitate to call white, when laid on the 
freshly-fallen snow will appear gray. The difference between 
white and gray is only one of degree of intensity. Gray is simply 
a dull white. Now, the colors of my mixture are not very 
bright nor intense, as compared with the colors of the solar 
spectrum. It is for this reason that they together produce, not a 
bright white, but a dull white or gray. In proportion as the 
;:fauninous intensity of the colors of the mixture increases, the gray 
becomes lighter, and approaches more closely to what is commonly 
known as white. 

Fig. 22. 



The accompanying figure (22) represents, diagrammatically, 
this theory of Young-Helmholtz. 

The curve I expresses the different degrees of excitation of the 
first element (the red) by each color of the spectrum. The 
maximum corresponds to the spectrum red. 
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Curves II and III have the same siguificatioa in relation to the 
second and third elements (green and violet}. 

If yon wish to know in what various degrees these three nervous 
elements will be excited by any one color, draw a vertical line in 
the position of that color in the spectrara, in the yellow, for 
example, and see at what heights that line meets the different 
curves of excitation. In the case of yellow we see that the 
elements of that color excite with considerable intensity the 
element of red, the green a little lesa, and the violet very feebly. 

I ought to add, perhaps, a word in regard to the complementary 
colors, and the manner in which they are explained by the theory 
of Young- Helmholtz. Ton are aware that when you have looked 
at a colored surface for some time and then turn the eyes to a 
white surface, in the place of the first color you see another ; 
yellow if you have been looking at violet, blue if yon have been 
looking at orange, and vice versa. These colors are called oomple- 
mentary one to the other. 

This phenomena is explained by the Young- Helmholtz theory 
in the following manner : — 

When you have looked at one color intently for a long time, the 
nervous elements of the retina especially impressed by that color 
become fatigued; in looking immediately afterward at a white 
ground the fatigued elements transmit a much less strong impres- 
sion than those which have not been submitted to action. These 
latter are now excited by the other colors which comprise white 
light and give the impression of a color called oomplementary, 
because it is this one which, with the first one, constitutes white. 

We are able, by mixing two complementary colors, to produce 
white. 

We know, therefore, three different methods of producing white 
or gray. 

1. The mixture of all the colors of the rainbow. 

2. The mixture of three fundamental colors. 
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3. The mixture of two complementary colors. All the three 
methods can be carried out by means of the disc of Maxwell. 

The theory of Young-Helmholtz, however ingenious it may be, 
is not entirely free from objections. While it expladns most 
admirably some of the phenomena, especially the perception of 
colors, it does not at all explain, or in a very unsatisfactory 
manner, the phenomena of contrast. Having spoken of the theory 
of Young-Helmholtz, I cannot forbear to mention another newer 
theory, not less ingenious, which, particularly in regard to the 
perception of light, is very plausible indeed. This is the theory 
of Hering. I very much regret that the time allotted to these 
lectures will not allow me to enter into a consideration of this 
ingenious theory in detail. But for its full comprehension a series 
of experiments would be necessary which it is impossible to repro- 
duce here, where we must limit ourselves to matters strictly prac- 
tical. I advise you, however, to read the work of Hering, which 
he presented to the Academy of Vienna under the title " Zur 
Lehre vom Lichtsinne," and familiarize yourselves with this new 
and ingenious explanation of the sensation of light and colors. 

We hasten on to our principal subject — the examination of the 
alterations of the perception of colors. 

Derangements in the perception of colors are of two principal 
kinds. I. Achromatopsia (absence of the perception of colors). 
II. Dyaehromatopsia (a difficulty in the perception of colors — 
diminution of perceptive power). 

Achromatopsia and dyschromatopsia may be total or partial, 
according as the infirmity affects certain or all of the colors. 

I. Total achromatopsia is a condition in which the individual 
has no perception of color, and only distinguishes differences in 
brightness. All objects are seen in about the same condition as in 
a photograph. 

This affection is very rarely congenital, only a few cases of the 
kind having been accurately examined. 

I have myself examined four cases of this character — young 
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men of eighteen to twenty yeara, who were born achromatopic. 
They all presented, aside from the achromatopsia, a conaiderable 
degree of amblyopia, photophobia and well-marked pallor of the 
optic nerve. 

Total achromatopsia has been more frequently observed to 
develop itself in the course of cerebral affsctiooa or atrophy of the 
optic nerve. In these cases it is nearly always accompanied by a 
diminution of the other functions of the retina. 

lu the partial achromatopsia there ia simply a lack of the 
perception of one or more of the fundamental colors. It is moat 
frequently the red which is wanting, whence the name anery- 
thropes given to persons so affected. Such was the case with 
Dalton, and hence it ia frequently called Daltonism. But this 
word cannot be applied with exactness to the other numerous 
forms of the derangements in the perception of colors, nor even to 
all the forms of partial achromatopsia. Indeed, other elements 
besides the red may be affected ; the green, the bliu or the violet 
can be the lacking colore. 

The symptoms of partial achromatopsia are easily inferred from 
what has been said above. 

In thia affection, that part of the solar spectrum corresponding 
to the color which is not perceived must necessarily appear dark. 

If this part does not appear absolutely black it goes to prove 
that the color which is not perceived affects, in a feeble degree, 
the other nervous elements, which serve for the transmission or 
perception of other colors. 

When the color that ia not perceived is an extreme color of the 
spectrum, the spectrum appears shortened at one or the other of 
its extremities. 

It has been proved that for the partial achromatope the 
maximuin of brightness of the solar spectrum is frequently found, 
not in the yellow, aa in the normal eye, but in another part of the 
spectrum. 

Another characteristic of partial achromatopsia ia that we can 
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produce, by means of two fundamental colors which are yet 
perceived, all the shades which the patient distinguishes, including 
white. 

Thus, a partial achromatope who cannot distinguish red attri- 
butes to a certain combination of violet and green a grayish tint, 
which is produced for the normal eye by a mixture of white and 
black, or a mixture of all the three fundamental colors. 

Finally;^ colored substances which contain a great deal of the 
color which is not perceived appear much darker than those which 
have less of it. 

II. The second kind of derangement in the perception of colors 
— dyBckrcmiatopsia — ^is much moi'e frequent than the first form. 

Individuals of this class perceive all the colors, but all or a 
certain number do not make an impression as strong as on the 
normal eye. Consequently they have difficulty in recognizing 
certain colors ; whence the name dyachromatopsia given to the 
affection. Dyschromatopsia, like achromatopsia, may be complete 
or partial ; that is, it may affect the whole or only a portion of 
the colors. 

Dyschromatopes see the solar spectrum of the same extent as 
the normal eye. They recognize perfectly the errors committed 
by the partial achromatopes. Only, colors closely allied are 
frequently confounded ; violent is taken for blue, orange for bright 
red, pink for blue or bright violet, etc. As to the other bright 
shades, they are confounded with white, and the darker shades 
appear as gray or black. 

In less pronounced cases the patients, under a functional exami- 
nation, act as though of low intelligence, or as though not accus- 
tomed to distinguish the different shades of color, because, in 
looking attentively, they come sometimes to distinguish colors 
which they before confounded. On the contrary, the most 
pronounced cases call to mind the true achromatopsiia.. ' I am 
convinced, moreover, that many of the reported cases of achroma- 
topsia are only those of dyschromatopsia not fully investigated. 
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For aueh an examination much more patience and precaution are 
neceasary than one would suppose. 

Indeed, the perception of colors ia influenced by a great number 
of circumatancea. 

Strict account should be taken of the intensi^ and extent of the 
color, the ground on which it is seen, and the general illwmina- 
tion. If the influence of a single one of these fa-ctora ia disre- 
garded, achromatopsia can be found in all eyea, without exception. 

Here, for example, ia a card on which I have fastened small 
paper squares of bright colors, two miUimetera apart, partly on a 
white ground and partly on a black ground. 

Place this card at a distance of about ten meters and you will 
see each small square as a point of greater or leas brightness, but 
without any coloration. 

Increase the size of these squares, or what amounts to the same 
thing, diminish their distance from the eye, and you will find 
them, successively, to assume their proper color, distinguishing 
firet the orange, then the yellow, bright green, red, blue, and 
finally the violet, 

Tou should bear in mind another very important fact, namely, 
that the larger number of colors is better recognized on a black 
than on a white ground. At a distance some colors appear black 
on a white ground, such as red, blue and violet ; at the same 
distance, on the other hand, they are easily recognized on a black 
ground. 

Colored grounds bring out most distinctly their complementary 
colors; on a red ground, for example, green comes out with 
greater distinctness than on any other. Therefore, in the 
examination of the perception of colors, we should never nae a 
colored ground, but a black one. 

But the perception of color is moat influenced by the intensity 
of the color and that of the general illumination. You know that 
in twilight colors become more and more indistinct and finally 
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disappear; the violet vanifihing first, then green, yellow, and 
finally red and blua 

In the night we recognize the forms of objects by the differences 
in brightness, but we do not diatinguiah their color. 

In order to study the influence of the intensity of colora on tlie 
facility of their perception we have only to combine them with, 
black on the rotating disc of Maxwell, and we instantly see what 
ia the minimum quantity which each color requires in order to be 
recognized. A very considerable proportion ia sometimes neces- 
sary, often 10° for 360° of mixing. 

All these facta prove to us that the normal eye itself is found 
in a state of dyschi-omatopaia, or even achromatopaia, as regards 
colors of small extent of surface, leaaened intenaity and inauffi- 
ciently illuminated. 

In other worda, dyachromatopsia is frequently only an 
exaggeration of a defect of th« normal eye. Between the normal. 
eye and the achromatopic eye there are numerous degrees of. 
defects in perception of colors, paaaing into each other by gradual 
and imperceptible shades, The difference between them ia onlj. 
one of degree. 

This &ct is not commonly known. It is the result, in part, o£ 
the observations which I have made on healthy and diseased eyea, 
which have also led me to other important results. 

It haa always been thoughb that the peripheral parts of tha 
retina were achromatopic. This opinion waa baaed on the fact, 
which was true, that the piecea of colored papers, seen under aa 
angle of 70° or 80° appear colorless, and that in order to b 
recognized they must be approached more or less to the point ( 
fixation. 

But I have shown that it ia only necessary to increase suffij- 
ciently their intensity, or their illumination, in order that all the; 
colora may be recognized, up to the very periphery of the field c^ 
vision. 

From this we derive most important indications for tha 
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eiaraination of the perception of colors, and yoa see that it ia 
iiidiapenaable in this examination to take account not only of the 
compoaition of the colors which we use, bnt also of their extent, 
intensity and general illumination. 

We will now consider the principal methods which axe used in 
investigating the faulty perception of colors. 

It evidently is not sufficient to show a patient a aeries of colors 
aud ask him to designate them, nor to make him point out the 
different parts of the solar spectrum. 

A partial achromatope may be able to call by their names all 
the various colors, which he can no longer see, aa we do ; he 
distinguishes them, it may he by a difference in their brightness, 
or by other indications which education has taught him. 

We first place before the patient a series of colors in order to 
find the kind of defect present. We must have for this purpose 
a large number of different shades. The aeries which I use ia 
composed of 350 different specimens. 

We ask the individual under examination to choose from this 
number those which appear to him to have the same color, an 
operation which it takes the normal eye only a few minutes to 
accomplish. 

A dyschromatope will find great difficulty in assorting them, 
and will confound the different shades of allied colors. 

A partial achromatope will make yet greater errors, and will 
place green, for example, by the side of red, blue by yellow, etc. 

This will tell you the colors to which you should pay particular 
attention in your examination. 

Holmgren and others have proposed for this examination 
samples of colored woo), which are exceedingly well adapted for 
this kind of examination. To facilitate the examination, we place, 
as proposed by Holmgren, one of the samples before the patient 
and ask him to select from the others those which seem to him to 
be most like it, and pile them together. Holmgren begins by 
giving him a sample of green, bright and pure. The examination 
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is continued until he has arranged all the samples in piles which 
are to him of the same color.* 

An achromatope will place samples of rose, gray and red 



Then a sample of purple is placed before him. If in the first 
examination it ia found that he has a defect in the perception of 
colore, but makes no mistake in respect to purple, he is only 
dyschromatopic. If, on the other hand, he adds the blue and 
violet, or either one, to the purple, he is achromatopic for red. If 
he confound the purple with green or gray, or both, he is achro- 
matopic for green. If he adds red or orange to the parple he i8 
achromatopic for molet or blue. 

A sample of bright red is nest given him. If achromatopic 
for red he will add as identical colors shades of green and brown 
which appear deeper to the normal eye than the red in question. 

If achromatopic for green he will add shades of green and 
brown, which appear brighter to tlie normal eye than the red. 

A method for the diagnosis of achromatopsia analogous to this 
baa been proposed by Daae. For this purpose he employs a card 
containing the samples of colored wool arranged especially for the 
diagnosis of achromatopsia for red and green. 

The table ia composed of ten horizontal series of colors, each 
series being composed of seven colors represented by woollen 
threads. In a certain number of the series the colors are placed 
in the order of their intensity (saturation). These aeries corre- 
spond to numbers III (purple), VII (green), IX (red). The other 
lines do not enclose colors of the same order ; that is, there is t, 
variety of colors. His manner of examination is as follows : — 

He places the card in a position where it will be well illuminated 

* A traiiBlation of Holnigren'B admirable paper on "Color-blindness in its Ee!a- 
tiona to Accidents bj Rail and Sea," will be found in the Report of the Smith- 
Bonian Inetitution foi 1877. Dr. B. Joy JeSriea, of Boston, has also treated of 
the matter at some length, in a paper on Che " Ddngera of Color- bliodnesa in. Rail- 
road E[npl()<r63 and Pilots," in the Ninth Annual Report of the Mnsaachiigetts 
State Board of Healtli. The bibliography appended to thia paper ia the most 
complete that has yet been ptiblishetL-^TB. 
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by dayliglit, and tells the patient that certain of the horizontal lines 
contain colore of the aame tone, bnt of different d^reea of satora- 
tion, ranging from the deep to the light, and asks him if the colors 
in the first series are of the same tone. When he has made his 
answer he is asked in regard to the second series, and so on until 
the whole is examined. If he reoc^nizes all the colors, with their 
gradations in saturation, he is not achromatopic. 

If he distingnishes neither the lines which contain oalj a 
sipgle color, nor the others, hia perception of colors has not been 
thoroughly examined. In such a case the trial must ha begun 
again and repeated frequently, until a definite result is obtained. 

If he says that one series which contains different colors contains 
only different shades of the same color, he is achromatopic. 

In order to study, thoroughly, the nature of the achromatopsia 
it is important to show to the patient a solar spectrum. la this 
seen in its normal extent ? or does it appear shortened at one of 
its extremities ? Is it, in some portions, obscured ? Is the 
maximum of brightness at the same place as with the normal eye? 
These are some of the questions which you must decide whether 
the eye under examination is partially achromatopic or not. 

In order to be more sure you can produce on the rotating disc 
of Maxwell a mixture of two fundamental oolora which make on 
the eye the aame impression as a naixture of black and white. If 
such are not to be found than you may know that the eye is not 
affected with achromatopsia. 

The method which I employ for the determination of the 
perception of colors rests on exactly the same principle as the 
other methods of examining the fanctions of the eye. 

As in determining the visual acuteness we endeavor to find the 
smallest retinal image which it can distinguish, and in determining 
the perception of light we find the minimnm quantity of light 
which makes a luminous impression, so for the perception of colors 
I find the minimum of colored light necessary to produce the 
sensation of that color, and I express this minimum by a number. 
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To find thi3 mmimum of colored light I employ a method 
eimilar to that which is iised in the determination of the perception 
of light, that is to say, I diminish gradually the intensity of tlie 
-oolor. Now, to diminish the intenaity of a color, be it white or 
colored, is the same as adding black to it. For this purpose I 
employ a modified disc of Maxwell. 

The apparatus of Maxwell consists of a clockwork which sets 
in rapid rotation discs of colored paper, inserted one under the 
other 80 as to leave part of each exposed. These discs make fifty 
revolutions a second, and the sectors of colors succeed each other 
BO rapidly that their retinal images can no longer be diatingoiahed 
as separate colors, bat make on the eye the impreaaion of the color 
of the mixture of all. 

In 1875 I proposed, under the name of "the method of 
minimum intensities," a procedure which consiata in superposing 
on the apparatus of Maxwell a black disc and a disc of colored 
paper. By varying the surface of the colored section we can 
express in degrees the quantity of color which enters into the 
mixture. 

But it might be objected that the black of our blackest paper is 
not an absolute black, and, indeed, the most intense black which 
we can produce by means of dyes is far from absolute black. 

To do away with this defect I have devised the following 
modification of thia procedure. The spring which seta the axle of 
the apparatus ia motion is enclosed in the bottom of a deep bos 
lined throughout with black velvet. All the light which enters 
thia box being absorbed, the interior represents, very perfectly, 
an absolute black. The anterior part ia pierced by a relatively 
small circular overture. The anterior extremity of the axle is 
just in the centre of this opening. If a section of color ia fixed on 
thia end and the apparatus put in motion the color becomes mixed 
with the black of the box. 

To obtain, at the aame time, m^ny degreaa of intensity of color, 
I mount on the apparatas a piece of colored paper composed of 
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five Bectora, which diminish in size from the centre to the 
periphery, and which, in turninf; around the axis, describe fiva 
colored circles of intensities decreasing from the centre. 

We have selected the sectora of such a size that the smallest 
mixed with the black describes a circle which is just at the limit 
which the normal eye can perceive ; the second ia twice the size of 
the first, and therefore corresponds to a color perception equal to 
one-half of the normal ; the third ia equal to one-fourth of the 
normal, and so on to ^s- 

In experimenting with this apparatus I do not allow the 
individual under examination to see the five colored rings at the 
same time. To prevent this the circular opening in the box is 
covered by a diaphragm, pierced by five openings, which are 
provided with covers of the same size. Each of the concentric 
colored circles corresponds to one of the openings in the 
diaphragm. 

We put the apparatus in motion, all the openings in the 
diaphragm being closed ; we then remove cover No. 1, and if the 
individual under exatninatioa sees the color, I estimate that hia 
faculty for the perception of colors is normal, or := 1. If it is 
necessary to uncover No. 2 in order for the color to be distin- 
guished the degree of the perceptibility will be ^= ^, and so on to 
i, J and ^, according as it ia necessary to open succeaaively the 
apertures Nos. 3, 4 and 5. We can thus determine easily and 
rapidly the quantity of colored light which an eye under examina- 
tion is capable of perceiving, and we are enabled to express the 
result obtained by a number. 

It ia evident that we are not obliged to limit ourselves to the 
five sectors which we have chosen for our determination. We 
can increase the number to any required extent. Moreover, since 
these quaations have begun to be studied in ophthalmology, it has 
become easy to find everywhere colored papers of the same degree 
of saturation. We can therefore consider the color as constant. 

It is also evident that we should take account here of the 
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general illumination, as we do in the determination of the 
acuteness of vision and the perception of light. To this end we 
unite to our chromatometer a small photometer on a primitive 
plan, which indicates at what distance from the window the 
apparatus must be placed in order to obtain exact results. 

This photometer consists of a translucent card on which is 
drawn a black line. The card is approached to the window until 
the black line is seen by transmitted light. 

This apparatus, which I have now used for a considerable time, 
is very simple and practical, and by it we can easily diagnose the 
different degrees of achromatopsia and dyschromatopsia. 
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INDIRECT VISION AND THE VISUAL FIELD. 

Gentlemen : — ^The functions of the eye which we have been 
considering in the preceding lectures, visual aeuteness, refraction, 
and perception of colors, have all relation to direct vision ; in 
other words, we have examined only the functions of the macula 
lutea. 

But, as the retina is extended much beyond the macula, our 
vision is far from being limited to the point of fixation. On the 
contrary, it embraces a large extent at the periphery, in which 
objects are seen indirectly, and this is called the Visual Field. 

The field of vision is, therefore, the space throughout which the 
eye is able to see while its visual axis is directed to a certain fixed 
point. And as we call direct vision that whi;h pertains to the 
macula, that which belongs to the rest of the retina is called 
indirect or peripheral vision. 

We shall occupy ourselves to-day with the consideration of 
indirect vision and the limits of the visual field. 

Indirect vision, although it may be very indistinct and imperfect 
in comparison with central vision, is, however, not less important 
than the latter. Without peripheric vision we would be in the 
condition of a maa looking through a long, narrow tube which 
would allow of his seeing nothing but the object to which the 
axis of vision was directed. It would be impossible for him to 
see objects to one side without an incessant turning of the head. 
Imagine the great inconvenience we should experience in looking 
about us with such a state of vision, that is, with a visual field 
restricted to central vision I 
14 
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We know that without looking directly at the earth we can 
walk with perfect security over the most unequal ground, and 
avoid obstacles aa they present themselves in our pathway. This 
would not be possible without the integrity of the upper portion of 
our retinae, which corresponds to tlie lower part of the field of vision. 

Again, it is the functional integrity of this part of the retina 
which permits a. player on the piano to fix hia gaze directly on the 
music he is playing, his indirect vision allowing him to direct the 
roovementa of hia hands. If you will try to walk, or play the 
piano with a screen placed horizontally below the eyfis, you will be 
speedUy convinced of the very important service indirect vision 
renders ua. 

The movements which a leader of an orchestra makes with his 
baton are not, for this reason, aa auperfluous aa would at Erst sight 
appear. The musicians, although they cannot turn their eyea 
from the notes, perceive, as a shadow, by means of their peripheric 
vision, every movement of their leader. 

It would be easy to multiply examples, since all our occupations, 
all our movemeiita in the atreeta and in our houses would be 
difficult in the extreme if we did not possess this indirect vision. 
It is this, in a word, which enables us to avoid those things which 
approach or menace us from all sides. 

The pathology of inJireot viaioo is of so much importance that 
we have reserved ita conaideration for a special lecture. 

We should, however, in the first place, know how to examine 
the field of vision in regard, first, to its limits, and, aet'ond, to its 
functions. 

We shall first study the method for measuring the extent of the 
field of vision. 

It has been thought that thia could be accomplished by causing 
the individual to fix a point on a blackboard and marking on the 
board the limits at which the eye could distinguish a white object 
gradually removed from the central point of fixation, Thia 
method, however, is very insufficient and inexact. 
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To convince yourself of its •awuffioiency, fix with one eye th« 
index finger of the left band, and make movements at the same 
time with the right hand at an angle of gradually increasing size 
with the visual line. You will theu see that on the outer aide 
as well as at the lower and outer quarter of the viaual field, the 
eye can distinguish movenaenta of the hand at an angle of 90 
degrees and over. The limits of these parts of the visual field 
could not, therefore, be determined by means of a plane, since the 
raya coming from peripheral objects, falHng in the eye perpen- 
dicular to the visual line, are neceesajily parallel to the plane, and 
cannot, consequently, emanate from it. 




Examine Fig. 23. Let PP be the section of a plane on which 
the visual field is to be determined. The luminous ray Ee, which 
falls on the eye under an angle of 90° with the visual line, cannot 
come from the plane PP, since it is parallel to it. 

But, even if it were possible to circumscribe the visual field on 
a plane, this method would yet be inexact. We do not wish 
simply to determine the limits of the field of vision, but also the 
functions of the eccentric portions of the retina. For this 
purpose we iiae test objects analt^oua to those which we employ 
for central vision. Now, it is evident that in moving either the 
letters of the test types or colored squares along a plane we 
examine the different portiona of the retina under entirely different 
conditions ; the object is further from the retina in proportion as 
it is removed from the point of fixation. Thus, supposing the eye 
to be 30 centimeters from the board, one part (a), situated at 40 
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degrees from tbe macula (m) ia 39 cm. (aA) removed from the 
object, and a, part b, eituated at 80 degrees from the macula, ia 
found at a distance of 173 centimeters (bB). 

It ia only up to a distance of 45 degreea that the differences ia 
the distance can be practically neglected ; beyond this they 
increase in such a proportion that all comparison between direct 
and iadirect vision really becomes impossible. 

In order to examine the visual field throughout the whole of its 
extent, and under such conditions as are comparable for all points 
of the retiaa, it ia evident that the eye must be placed in the 
centre of a sphere one of whose poles it fixes. 

The limits of the visual field would then be determined by 
means of the maximum angles under which the objects would yet 
be distinguished, and the functions of indirect vision would be 
examined by moving objects on the internal surface of this sphere. 
This method is the only rational one, because the sphere allows ua 
to determine the visual field up to its extremeat limits, and more- 
over, the test objects are always at the same distance from the 
various parts of the retina under examination. 

Now, a sphere can be obtained in a variety of ways. The most 
practical form, however, is that found in the perimeter, which 
Aubert was the first to nse, and to which we have given the 
following form (,Fig. 24) : — 

It consists essentially of an arc of a circle of the value of a 
semi-circumference, which, in tumtng about its apex, describes in 
space a hemisphere, at the centre of which is found the eye under 
examination. 

This arc of the circle is represented by P in the figure, and its 
apex is supported by a column (A). In front of this first support, 
and fixed on the same base, is a second upright (B), of such a height 
that its upper portion, which is bent slightly backward, ia juat at 
the level of the lower orbital wall when the eye is at the center (G) 
of the arc. In order to fulfill this last condition this shank (C) 
must rest a^inat tha lower edge of the corresponding orbit. For 
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fixing the chin there is a, cross piece of wood which glides up and 
down OQ the upright (6). This piece has two depressions, one on 
each side of 0, for the chin to reat in. 

If you are examining the left eye, for example, the chin, ut 
order that the head be held erect, must rest in the depreaaion on 
the right aide. The cross piece should, therefore, be sufficieutlj 
elevated, so that when the head is resting on it the lower porUoo 




of the left orbit should be av luo lovei m mo lop vi tuB auank, and 
in contact with it. In this way the optical centre of the eye 
is at the centre (C) of the hemisphere which the arc describea 
when turning about its axis. 

The arc is divided into degrees, starting from 0", which marks 
its apex, up to 90° on both sides. The divisions are marked on 
the outside of the arc. 

The inclination of the arc to the meridian is read off on a small 
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di&l which is placed vertically oo the outeide of the axe at its apez, 
having the apez aa a centre. Around the face of this dial moves 
ft pointer (I) parallel to the plane of the arc and turning with it. 

The inner surface of the arc ie blackened, sare at the point of 
fixation. The object whidi is used to examine the indirect visioo, 
white <xr colored paper, figures or letters, can be moved by forceps, 
or can be placed in a small frame which glides along the arc, and 
■whose posterior arm indicates the corresponding degree on the 
outer side. 

For delicate measurements is the neighborhood of the ydUofJ 
spot the divisions, up to about 20" from the centre, are in 1 
degrees. It waa by means of this division that I made mjrfl 
determinations of the distance between the macula and optio^ 
nerve. For the determination of the limits of the visual field n 
proceed as follows : — 

The head being fixed as indicated previously, and the eya to b 
examined being placed in the centre of the arc of the perim 
we cover the other eye with a bandage rather than with the faADa 
or a handkerchief, the thickness of which latter is likely to restr 
somewhat the inner portion of the visual field. 

We then request the patient to fix accurately the white spc 
marked on the centre of the arc, while the examiner, placing his 
self behind the perimeter, controls with the greatest care the 
direction of the eye and checks its least movements from this posi- 
tion. Then, the arc of the perimeter being held in a certain 
plane, the horizontal, for example, the teat object is advanced from 
the periphery toward the apex, up to the point where it is recog- 
nized by the eye under examination. This point marks the limit 
of the visual field &r the corresponding meridian. The examina- 
tion being completed for one side of the arc, it is made in the aamt j 
manner for the other. 

Another plane is then takm, and the limit found at which s 
object is recognized when approached from the periphery toward 
the centre. 



INDIRECT VISIOH AND THE VISUAL FIELD. 207 

Ordinarily it la sufficient to examine only four meridians, the 
horiiontal, the vertical and two intermediate, that is to say, a 
meridian for every 45 degrees. 

The field of vision, thus determined, is transcrihed on a diagram 
which represents the projection of a sphere on a plane surface 




(polar equidistant projection) 'Fig. 25). This diagram consists 
of a series of concentric circles cut by numerous radii, or rather 
diameters. The centre, zero, of the figure corresponds to the 
point of fixation, and the diameters to the difierent planes of the 
arc, or the meridians in which measurements have been made. 
At the extremity of each diameter is a number indicating the 
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degree of inclination of the corresponding meridian to the 
vertical ; this division corresponds necessarily to that of the dial 
of the perimeter. The radii are themselves divided, counting 
from the centre, into equal parts, each part corresponding to 5° of 
the divisions on the arc ; 0° representing the apex and 90° its 
extremity. 

It is easy, in this manner, to represent on the diagram the 
results of an examination of the visual field. Two diagrams are 
usually placed side by side on the eame sheet of paper, the one on 
the right hand representing the right eye, the left one the left eye. 
The external part of the visual field of the right eye is repre- 
sented by the right side of the corresponding figure, the inner 
part by the left side ; the reverse is the case, of course, for the 
other eye. 

Suppose we ar« examining the right eye; we have examined 
the horizontal meridian, and found 85° on the outer side and 40° 
on the inner. We now find on the horizontal diameter, in the 
figure on the right hand, the division numbered 85° and m^^rk it, 
and at the same time mark 40° on the left side. We then pass 
on to the intermediate meridians, to the one, for example, inclined 
45° to the right on the upper part, and find on the diagram the 
corresponding diameter, and mark on it the degrees which have 
been found to limit the visual field in that direction. After 
having found and marked the degrees corresponding to each 
meridian we have only to unite, by a continuous line, the different 
points marked, to have the limits in all directions of the field of 
vision. 

. The inner curve of Figure 25 was obtained in this manner, and 
marks the extent of the visual field of my right eye when I fix 
accurately the apex of the arc (the centre of the figure). The 
extent of my visual field is as follows : outward 95° ; upward 53° ; 
inward 47° ; downward 65°. 

We thus see that the visual field is far from being circular, as 
one would suppose it, a priori, to be. It has its greatest extent 
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outward and at tha lower external portion. The upper, and 
particularly the inner part are nnuch more restricted. 

We would be likely to attribute the limitation upward and 
inward to the presence of tha cranial bones ; and the superior 
edge of the orbit and bridge of the nose do interpose, indeed, a 
considerable obstacle to indirect vision. 

The influence of the noae, however, can be eliminated by a alight 
rotation of the cbin-aupport around its axis. In order to avoid 
all obstacles a point must be fixed for each meridian at 30° in 
the opposite direction to that under measurement. Under these 
conditions a curve is obtained aa represented in the outer curve 
in the figure. But you see that in spite of all these precautions 
the field of vision yet remains res tricted in the directions indicated. 

This is due, in part, to the fact that the retina does not come so 
far forward on the outer as on the inner aide of the globe, but the 
principal reason is that the outer part is less used than the inner. 
When we see {in indirect vision) to the left side, it ia not with the 
external part of the retina of the right eye, but with the internal 
portion of the retina of the left eye, while the external part of the 
left eye is replaced by the inner part of the right eye. It follows 
that the functions of the parts less exercised are less developed, 
and that, the visual field corresponding to these parts is less 
extended. This explanation, which I gave in 1872, has been 
recently confirmed by the experiments of Bonders. 

After having thus determined the limits of indirect vision, we 
must examine its fanctioTie, following the same principles which 
have guided us in the determination of direct vision. 

The aeuteness of_vision of the peripheral parts of the retijia has 
only recently been made the subject of research. When in 
Utrecht I made examinations of this kind with my friend Ito. 
We used, as teat objects, two small hlack squares on a white 
ground, identical with those in Nos. I, If, III, IV, in Figure 26. 

These were introduced successively in the frame of my peri- 
meter, and we determined, separately, the degree at which the two 
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equaree could be distinguisbed from each other. It was ftstonieli- 
ifig to see to what a short distance it was Decessary to approa^ 
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these objects toward the centre in order that the two points be 
distinguished from each other. 

The diagram (Fig. 27) indicates for my right eye the limits of 
the different visual fields for each size of the object; the figure 
nearest the centre of the diagram correspoad to size No. IV, the 
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second to No. Ill, the third to No. II, and the external one to No. 
I. These experiments show us that the visual acuteness Is better 
developed in the upper, and upper and outer parts of the retina, 
while it is less developed in the lower and outer. 

The perception of oolort of the eccentric parts of the retina is 
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determtned by introducing into the frame of th« perimeter variously- 
colored papers, and bringing tbem from the periphery toward the 
centre until that color is recognized. It has been found that the 
curves corresponding to the various colors differ notably from the 
limits of the general field of vision, that is from that of white 
light. 

By using brilliantly-colored papers about four centimeters square, 
we have shown that at first the normal eye recognizes the move- 
ments of objects at the periphery a long time before it can 
distinguish their colors. 

Starting from the periphery, blue is the color which is first 
recognized ; its visual field extends nearly up to the limit of the 
general visual field. After that comes bright yellow, which 
appears, at first, as white. Orange appears for a long time as 
yellow before it is recognized in its true tint. 

Red, which follows nest in order, appears first as almost black, 
afterward as deep brown, brown, and finally as red. The field of 
green is still more limited than that of red. At the periphery it 
generally makes an impression of white or gray ; nearer the 
centre bright green appears yellow; deep green as grayish blue. 
It is only afterward that it is recognized as green. 

Violet for a long while gives the impression of blue, before it is 
distinguished as violet ; its Umits are the more extended the purer 
the shade. 

In practice it suffices to measure the visual fields of green, red 
and blue, because, as we have shown, the field of yellow difiers 
generally but little from the blue, and that of orange is always 
found between the limits of yellow and red ; violet is not a good 
color for practical experiments. 

Too will see in the diagram (Fig. 28) the curves which mark 
the hmits of the visual fields of the three colors. These are the 
mean limits which I have deduced from the examination of a 
number of normal eyes. All that part comprised between the 
centre (point of fixatioo) and each curve indicates the color of a 
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Bqaare ; the reet of the retina could not distingutBh it (under the 
oonditioDB indicated previously). 




It ia a great mistake to aiippose that the perception of each 
color throughout the whole extent of the retina ia as vivid aa at 
the centre. There ia a great difference in the appearance of the 
same color, according as it is viewed directly or at one aide. The 
curves only indicate the limits of the visual field where the indi- 
vidual under examination gives the color its true name, but it is 
then far firom being pronounced. It only becomes of its deepest 
intensity in direct vision. 

It waa for a long time thought, and you will find it stated in 
many text-books on ophthalmology and physiological optics, 
that the periphery of the retina is achromatopic. They have 
even gone further, and founded on this supposition a theory of the 
physiology of the retina. Since in the parte nearer the macula 
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the conea predominate, while they are almost completely wanting 
at the periphery, it waa concluded, without hesitation, that the 
cones' were designed for the perception of colors, while the rods 
were only charged with the quantitative perception of light. 

What we have found in our experiments with colored papers of 
a given size and moderate illumination is true only under certain 
special conditions. We have already shown that our limits of 
colors can undergo some changes under the inBuence of an altered 
illumination, and the background on which it ia seen ; the visual 
field of each color increases as the color is more intense and better 
illuminated. 

In order to determine to what degree the visual field can be 
increased under these conditions, we have examined our retina in 
a perfectly dark room. The direct sunlight was only admitted 
through a slit, and formed, by passing through a prism, a solar 
spectrum of great intensity. From this spectrum we isolated the 
different colors, and letting them fall on the periphery of our 
retina we have demonstrated the important fact that alt colors are 
recognized up to the limits of the field of vision, if they are of 
sufficient intensity, of sufficient size, and have the proper contrast 
with the background or with the general illumination. 

It results from this discovery that the supposed special function 
of the rods and cones has no existence, and that, in each examina- 
tion of this character we should indicate, exactly, the nature of 
the light employed, its degree of saturation, its intensity, its size, 
as well as the character of the ground on which it appears, and 
the illumination of the room in which the experiment is mada 

It is evident that in practice we have never need of colors of 
maximum intensity. Colored papers about four centimeters 
square are the beat for the examination of pathological cases, 
provided we always indicate the degree of illumination, the nature 
of the color, and its distance from the eye. The results thus 
obtained will then be directly comparable with those which the 
healthy eye furnishes under the same conditions. 
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If jon compare the functione of indirect vision with thoBe of 
central risioB under the inSueace of r dimination of illumination, 
yoa will find a certain analogy between the increasing indistinct- 
ness with which the forms and colors of objecta are distinguished 
when they ire removed from the point of fixation toward the 
perifAery, and the difficulty with which they are seen directly 
whea the illumination is enfeebled. It is especially since I have 
shown that the imperfectnass ia the perception of colore in indirect 
vision was simply the result of lack of luminous intensity, that 
attempts have been made to explain all differences which exist 
between direct and indirect vision by the relative weakness of 
illumination of the peripheral part of the retina. 

Wa would say, that between the functions of direct and indirect 
vision there is no difference of kind, but only of degree, the 
eccentric parts of the retina having need, to respond to excitations 
of the same nature, of a greater quantity of the excitant. In 
other words, it is thought that the perception of light, the percep- 
lion of colors, and the perception of forms (visual acuteness) 
diraiuiah in equal proportion, be it through a diminution of illumi- 
nation, or a gradual removal of the object from the point of 
fixation. 

As regards the psraeptton of light in the different portions of 
the retina, I determined, by means of a plan which I have explained 
elsewhere,* the minimum quantity of light necessary to produce a 
luminous impression on the different portions of the retina, by 
removing it gradually from the centre toward the periphery, 

I have found that the perception of light remains almost exactly 
the same throughout the whole extent of the retina. 

After I had determined the visual acuteness and the perception 
of colors in an eccentric portion of the retina, and afterward 
diminished the illumination jast sufficiently to make the central 
acuteness of vision equal to that previously determined for that 
particular eccentric part, with that diminished illumination I deter- 
•Wecker and Landolt— Txaiti complet, d'ophthalmologie 
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mioed the perception of colors for central vision. These experi- 
ments demonstrated that the two sensibilities, at the centre, and 
at the peripheral portions of the retina, do not vary in the same 
proportions. For an equal visual acuteness, the perception of 
colors ia much more acute at the periphery than at the centre, or 
reciprocally, for an equality in the perception of colors, the acute- 
ness of vision is much better in direct vision than in indirect vision. 
The acuteness of vision, therefore, diminishes much more rapidly 
in removing the object from the point of fixation, than in diminish- 
ing the illumination of the object. 

My experiments have proven that there is an essential differ- 
ence between the functions of the centre and those of the eccentric 
portions of the retina. While the perception of light is nearly 
the same throughout the entire senaitive portion of the retina, the 
perception of colors is much less vivid in the eccentric portions 
than at the centre, and diminishes progressively in proportion as 
they approach the periphery of the visual field. The visual acute- 
ness (perception of form) finally diminiahea more rapidly toward 
the periphery than the perception of colors. 

Take, for example, my right eye, with all three functions at the 
centre = 1. The perception of light at a part 30° &om the 
centre will he alao = 1, the perception of colors = -^f and 
the visual acuteness = ^. 

Although these figures have only a relative value, the fact that 
of the three functions the perception of light remains the most 
constant, while the perception of colors and the visual acuteness 
diminish rapidly toward the periphery of the retina, the latter 
more than the former, is incontest ably established by my experi- 
ments. 

The fact is of the greatest importance for the explanation of 
the different functions of the retina. It proves that these three 
functions are entirely distinct from each other and cannot be 
reduced to a single one, as we would be tempted to believe. On 
the contrary, we are justified in believing that there are difi'erent 
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nerrona elements, distribated io a difTerent manner thronghoat the 
extent of the retina, presiding over the three different functions of 
the organ of riaion. 

We will now return to the application of perimetry to practical 
ophthalmology. 

After having determined the limita of the field of viaioD, we 
must take care to find if there exist any defects or scotomata within 
^eae limits. This examination will not, I think, offer any diffi- 
culty, and it suffices to abstract, for the different meridians, the 
limits between which the objects or colors distinguished moat 
peripherally disappear. 

There is one of these defects which is physiological, and of the 
existence of which you should be aware; it is the one which 
corresponds to the entrance of the optic nerve, and which is 
known under the name of the punctum ccscura or Manotte'a spot. 
You are aware that the optic papilla is to the inner side and 
little above the macula; you should find, consequently, a corre- 
sponding defect in the visual field, outward and slightly below tie 
point of fixation ; in fact, it ia generally found 15° outward and 3' 
below the fixation point, in the emmetropic eye. 

In Fig. 23, for example, which represents the right eye, m is 
the macula, a; corresponds to the optic nerve, and X to the position 
of the spot of Mariotte on the plane PP. It is 15° from the 
point of fixation 0. From a large number of esperimeuta which 
I have made on this subject, and from those made by Dobrowolsky, 
this interval is greater in hypermetropes and smaller in myopes. 

On a plane situated at thirty centimeters from the cornea you 
first encounter it at about 8 cm. from the point of fixation. Toa 
can describe its limits by moving in different directions on the 
plane the point of a pencil, and marking the places where the point 
begins to disappear. I have marked out in this manner, a great 
number of times, my blind spot, and measured its size. It is 
oval in form, with its greatest diameter vertical. For my right 
eye, and at a distance of thirty-five centimeters from the cornea 
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to the plane of projection, its mean height is fifty-two millimeters, 
and its breadth forty-four mm. This experiment is easy to make, 
although the limits in certain directions are difficult to mark with 
precision, on account of the emergence of the retinal vessels, the 
trunks of which stop the light. 

Moreover, in the interior of the visual field there are physio- 
logical defects, due to the presence of vessels at the place where 
the image of the point under consideration should fall. 
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THE VISUAL FIELD CCostinded). 

Gentlemen : — Now that we have learned how to examine the t 
hmits and functioos of indirect vision, it remains to make aD j 
application of this knowledge to the numerous pathological cases j 
in which it is liable to be affected. "We ahall speak of it brieSy, 
bringing forward only the more inaportant facts, since there is 
scarcely a lesion of the interior of the eye which is not accom- 
panied by perimetric symptoms ; and moreover, all the diseases 
of the brain and spinal cord which are manifested by symptoms 
in the organ of vision commence by some abnormality in the form 
and functions of the visual field. 

Among the diseases purely ocular wa cite, in the first place, 
glaucoma. One of the first symptoms of this disease is a restric- 
tion of the visual field, which is limited to one aide, and particu- 
larly to the inner and upper portion. This symptom is so char- 
acteristic that in doubtful cases it is especially depended on in 
making a diagnosis, though there are exceptions where the limit- 
ations are found outward and a little below. 

Hemorrhages into the tissue of the retina necessarily cause a 
complete abolition of vision in the parts affected. This is mani- 
fested by a fixed scotoma in the visual field. The perimeter 
becomes, in such a case, a valuable means, more delicate than the 
ophthalmoscope even, for following the progress of the trouble, as 
is directly indicated by the increase or diminution in the size of 
the scotoma. So long as the limits of the scotoma are indistinct 
and variable the morbid process is still in action. 

Another very common affection is manifested by scotomata in 
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the visual field, and that is clioroiditia disBeminata, which rarely 
passes away without leaving some alteration in the retina. It 
manifests itself at first at the periphery, where the ophthalmoscope 
ia frequently powerless to show ua anything. Now, even at this 
early period, the perimetric examination shows its existence by 
the irregularity of the limita of the field of vision, or by ihe 
presence of peripheric scotoraata. 

The commencement of these scotoraata is manifested particu- 
larly when the examination is made by means of objects which 
offer but little contrast to the black ground of the perimeter on 
which they are seen. Thua, for instance, when the examination 
ia made by means of a gray or red paper, scotomata sometimes 
reveal themselves which are not perceptible when a white disk is 
used. 

There is no afi'ection of the retina whose progress cannot be 
traced in the field of vision. Detachment of the retina, for 
example, necessarily involves the loss of that part of the visual 
field corresponding to it. You have here the visual field of a 
detachment of the lower portion of the retina. It is restricted, aa 
you see, above. This one, which is narrowed conaiderably through- 
out its whole extent, corresponda to a detachment extending around 
the optic nerve. It is in the form of a funnel, at the bottom of 
which ia the optic nerve. As in the ophthalmoscopic image the 
papilla forma the centre of the detachment, so in the diagram, the 
spot of Mariotte forms the centre of the narrowed fieldof vision. 

Frequently the diagnosis of a detachment of the retina is of 
very great importance, as in cataract, for instance, where it is 
desirable to know whether to undertake an operation for its relief 
or not. In this case an examination of the visual field ia the only 
means we have of making a diagnosis. We can make this 
examination by causing the patient to fix a luminous point while 
we throw on the eye, by means of a small mirror, the light from 
a lamp. By varying the position of the mirror we can give to 
the light all desired directions, and thua examine the perception 
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of light throughout the entire extent of the retina. If the 
perception of light is preserved we know that there is no detach- 
ment or other serious disease of the fundus. 

The importance of perimetry in detachment of the retina does 
not consist, moreover, solely in the diagnosis of this condition ; it 
ia of special importance in prognosis. If the restriction of the 
visual field ia greater than the detachment as made out with the 
ophthalmoscope, this proves to us that a part of the retina 
situated beyond the visible detachment has already lost its sensi- 
bility; consequently we should expect a rapid progressive increase 
of the detachment. In the cases, on the contrary, where a part 
of the detached retina is still sensitive, the prognosis is more 
favorable. Sometimes, under the influence of appropriate treat- 
ment and an absolute quiet on the part of the patient, with 
seclusion in a dark room, the retina replaces itself and resumes its 
functions. 

It is characteristic of the visual field of the detached retina that 
the various functional limits are found at the same place. The 
visual field .of colors, which is normally, and in a large number of 
pathological conditions, nearly parallel to the external limits of 
the general visual field, is cut off short at the place where it 
enters the detachment. 

A striking example of the correspondence between the ophthal- 
moscopic and perimetric signs is found in the following case, whose 
visual fields you see here. A foreign body had entered the eye, 
and lacerating the retina and choroid, had lodged in the sclerotic. 
A large extravasation of blood hid the lacerated parts, as well as 
the foreign body. At this period the first visual field was taken. 
It shows a deficiency similar in form to the extravasation, except 
that it is ragged. Some days after, the blood began to be absorbed 
and the relief to the retina adjacent was manifested immediately 
by a diminution of the scotoma. 

Later, the greater part of the extravasation was separated from 
the point of lesion. We have, consequently, a scotoma . which 
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coiresponda to that, detached from the perii)heral scotoma caused 
by the laceration. Finally, wheo all the blood was absorbed, thia 
scotoma disappeared and there only remained the scotoma from 
the wound. We then permitted the patient to leave the clinic, 
certain that we had obtained all the amelionition possible' in the 
case, since we could, evidently, not hope to reestablish the fuuctiou 
of the lacerated part of the retina. 

All infiammations of the retina find their expressions in the 
field of vision, by affecting its form, limit and functions, hut 
especially the relations which exist between central vision and 
peripheric vision on the one hand, and on the other, between the 
visual fields of the various colors and the limits of the field of vision 
in general. Thus, we see retinitis pigmentosa accompanied by a 
concentric restriction of all the fuactiona of the retina, and this 
restriction approaches more aud more toward the centre, the 
TJsual acuteness of which remains for a long time quite good, 
Hiere being no scotomata, and no irregularities in the boundary of 
the visual field. 

Syphilitic and Bright's retinitis, on the contrary, attack direct 
vision at the beginning, leaving the outer parts of the visual field 
for a long time intact. The percepbion of colors is altered in such 
a manner that the limits of the different colors are very indistinct, 
sometimes crossing and frequently changing their places. 

Scotomata are hardly ever lacking in apoplexies, infiltrations 
and degenerations of the retina. 

When the optic nerve takes part in morbid processes we find 
an increase in the size of Mariotte'a blind spot, resulting from an 
exudation into the retinal tissue in the immediate vicinity of the 
optic papilla. 

No doubt perimetry would throw some light on those Ciises of 
amblyopia without any known cause, and where the ophthalmo- 
scope shows us nothing. It will be the same, I hope, in toxic and 
hysteric amblyopia, and amblyopia in consequence of great loss of 
blood and insufficient nutrition — diseases the nature of which is 
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very obacnre. In these instaacea the perimetric [ 
the same aigDificance as in atrophy of the optic aerve. 

Wa will call attentioa, in passing, to the central acotoma caused 
by an alteration at the macala with extension of the blind apot 
in posterior choroiditia, which is so frequently the cause of 
progressiva myopia; the central scotoma which is produced by 
emboiiBm of the central arteiy of the retina, hypenemia or hemor- 
rhage at the macala ; the peculiar scotoma of toxic amblyopia — 
a central scotoma of amall extent, affecting fTequenUy only the 
perception of red. 

But, independently of ita utility in the diagnoaia of diaeasea of 
the eye, properly speaking, the perimeter haa yet another 
important application. Ton are aware of the great hopes that 
were raised by the discovery of the ophthalmoscope for the 
diagnosis of diseases of the brain by this instrument. You know, 
also, that these hopes have not been reaUzed to the extent we had 
expected. The cauae for thia ia easily explained. There are only 
about five different conditions of the optic nerve which are 
distinguishable by means of the ophthalmoacope, while it ought to 
reveal at least ten separate cerebral diseases (making absLractioa 
of the infinite varieties of aeat and extent). It ia here that peri- 
metry cornea to the aid of the ophthalmoscope, and the two methods 
united have already considerably increased the number and value 
of the symptoms relative to cerebral diseases as manifested in 
the eye. 

ThuB, a concentric restriction of indirect vision, accompanied by 
a diminution of visual acutenesa, indicatea frequently a netiritis 
of the cxtra-bulbar portion of the optic nerve, of which the oph- 
thalmoscope ahowa no trace. An atrophy of the nerve can follow 
thia inflammation without our being able to observe at the fundus 
of the eye any signs of the neuritia, 

The autopay furniahes the proof of the diagnosis by showing a 
destruction of the extra-ocular nerve fibres, hypertrophy of the 
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connective tissue, and, aa a principal cause, the existence of an 
encephalic affection, 

The moat frequent symptom which the ophthalmoscope shows 
118 in these cases of cerebral disease is atrophy of the papilla. 
The white, flat papilla, with thin vessels, may be the result of 
various diseases of the oervous system and the encephalon, without 
the ophthalmoscope being able to indicate to us the special cause. 
In those frequent cases where the vision is not completely lost we 
can employ the perimeter with advantage- 
Atrophy of the optic nerve from, peripheral causes, that is, in 
consequence of an alteration of a part external to the cbiasma, 
affects different parts and different functions of the retina in very 
various ways. The visual field can preserve a relatively large 
extent, in spite of the nearly complete obliteration of central 
vision. The limits are generally very irregular and present 
Binuosities. Sometimes a sector of the visual field is wanting. 
Now, in all these cases the prognosis depends solely on the 
perception of colors. If the visual field of all the colors is little 
altered, especially if its limits do not run parallel with the irregu- 
larities of the external limits of the general visual field, the prog- 
nosis is favorable, that is to say, we can expect some amelioration, 
or, at least, an arrest of the morbid process. If, on the other 
hand, the perception of colors occupies but a small portion of the 
visual field, if it follows all the sinuosities of the external limits, or 
if certain colors are totally lacking at the periphery, the prognosia 
is very bad, and we have to do with a progressive atrophy. 

In such cases the visual field of colors is gradually narrowed ; 
in the first place violet and green are recognized only at the 
point of fixation, and afterward disappear entirely; violet still 
appears for a certain time aa bluish, but soon it becomes a deep 
gray ; bright green makes the same impression as white or clear 
gray ; deep green appears as deep gray. By and by red follows 
the two other colors ; it passes through a state where it is recog- 
nized as brown and finally becomes black. Yellow and blue 
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persist for the longest time. But after a while yellow becomes 
white, and blue is the only color which the patient can distinguish 
up to the time when complete achromatopsia aeta in aad readera 
the prognosis the gloomiest possible. i 

This diminution of the visual field of colors and the disappear- 
ance of certain of them (as green and red) are found in alcoholism, 
where they accompany a most marked diminution of the visual 
acuteness. In these cases the external limits of the visual field 
can remain of considerable extent, but the alteration of the 
perception of colors renders the prognosis, in spite of this, 
exceedingly bad. We can, on the other hand, look for good 
effects from general treatment when the curves of colors are 
preserved proportionally to the general extent of the visual field, 

The alterations of the visual field in ataxia and in certain 
diseases of the spinal cord are of no less importance. A visual 
field very irregular in its general limits, as well as in ita color 
limits, which cross in a confused manner, the existence of absolute 
acotomata or scotomota for certain colors, confirm the diagnosis 
an! rendai: the proguosis more or less grave, aocirding to the 
degres of their davelopmant. 

Outside of this series of diseases the perimeter furnishes us with 
important indications as to the location of certain cerebral 
troubles. Hemiopia, which consists in the lack of a corresponding 
part of the visual field in the two eyes, indicates a lesion in the 
optic tract on the aide opposite to the part of the visual field 
which is lacking. 

This is easily accounted for by the decussation of the optic 
nerves at the chiasma (Fig. 29). Of the nerve fibres of each optic 
tract one portion is directed, according to this theory, toward the 
opposite side, crossing at the chiasma, to go to the inner half of the 
corresponding retina; another portion goes, without crossing, to 
the external half of the same aide. Now, a lesion of the right 
optic tract evidently destroys the sensibility of the right half of 
each retina, and consequently the left half of the visual field of 
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eact eye, or the common visual field. Each eye, in fixing the 
object ab, will only see the part eb, the rays from which fait on 




the sensitive part of the retina. Thus, iiidividaals affected with 
hemiopia can see only the half of ohjects which they fix. There 
are cases where the loss of sensibility has not invaded the whole 
half of the retina. Tiie defect of the visual field only takes in a 
similar part of the two eyes, as in the case I now show you. 
This is also CiiUed hemiopia, and is attributed to a lesion of the 
optic tract of the opposite side. In this case, however, it is 



EXAMINATION OF IDE EYE3. 



It ia characteristic of heiiiiopia that the abolition of the per- 
ception of colors ia na clearly marked as that of the perception 
of light in general. The limits of the vianal fields of colors follow 
the external limits only in the region of tho sensitive parts of 
the retina. When they arrive at the limits of the heraiopia they 
are cut short o^f. Thta is easily explained, and it differentiates 
hemiopia from the other defects in the visual field. 

A neoplasm having its seat in the anterior angle of the chiaama 
can alter the inner portion of the two optic tracts in such a 
manner as to abolish the functions of the inner parts of the two 
retinae and destroy the external portion of the visual field ; this is 
called tem;poral hemiopia. 

As to TUiaal hemiopia, the loss of the external halves of the 
retime, if it exists, we havj shown how it can be explained by the 
theory of semi -decussation {Progria Medieale, 1875, No. 52). 

Finally, it reuiaiua to cite certain peculiarities of the field of 
vision which we have been able to study in the service of M, 
Charcot at the Salpetricre. In certain cases of hemianEeathesia, , 
hemiplegia and hemichorea we Snd, besides amblyopia of the eye 
of the paralyzed side, a concentric contraction of the visual field, 
with contraction for colors, and this without any ophthalmoscopic 
manifestationa. These symptoms are not transient : they persist 
for years, and increase with the progress of the disease. The eye 
of the opposite side may remain intact. 

These facts are of great importance. Similar alterations in the 
general sensibility, in hearing and smell, speak strongly in favor 
of the existence of a central encephalic focus. And, in fact, the 
autopaies of aeveral similar cases, in which death came about by 
apoplexy, have shown regularly a lesion of the posterior portioa 
of the optic thalamua and the neighboring parts. M. Charcot 
argues, from this, that a lesion is situated at the same place in 
the cases, exactly similar in their character, of hemianieathesia 
and hysteric hemiplegia. 
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It has been tlioiiglit up to the present time, however, that all 
lesions beyond the chjasraa, all central lesions, conld only produce 
hemiopia, in consequence of the incomplete crossing of the optic 
nerves in the chiLisma. Amblyopia of a single eye, it was thought, 
could he brought about only by a unilateral neuritis. Now, in 
the cases of which we apeali, the amblyopia or amaurosis unilat- 
eralis were evidently due to a central lesion. In order to explain 
this we must admit a common centre for the termination of the 
optic nerve fibres belonging to one eye, situated on the opposite 
side of the brain. In other words, the fact of a semi-decusaation 
of the optic nerve fibres in the chiasma being incontestable, it is 
evident that the nerve fibres which do not cross at the chiasma, 
bnt form a part of the optic tract of the same aide, must cross 
higher up, beyond the corpora geniculata, to come to the common 
centre of the nerve on that side, possibly in the neighborhood of 
the corpora quadrigemina anteriora, A glance at Fig. 29 will 
at once make this plain. is the left eye. d the right eye. ck 
the chiasma where the optic nerve fibres corresponding to the 
inner part of each retina cross, bb the optic tracts, gg the 
corpora geniculata. x the crossing of the fibres which do not 
cross in the chiasma. D the termination in the brain of all the 
optic nerve fibres of the right eye. S termination in the brain of 
all the optic nerve fibres of the loft eye. 

This theory is much more plausible than that of the incomplete 
crossing, because it does not allow the optic nerve to form an 
exception to the rule which applies to all the cranial nerves which 
cross before arriving at their respective distributions. 

Finally, leaving to anatomy and experimental physiology the 
explanation of the phenomena, it auffioes for our present purpose 
to have pointed out a new ocular eymptom, useful for localizing a 
cerebral trouble; that is, unilateral amblyopia with concentric 
and proportional restriction of the visual field, sometimes without 
and sometimes with a more or less complete white atrophy of 
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the optic disks, which indicates a lesion not far from the corpora 
qnadrigemina and the posterior portion of the optic thalamoa of 
the opposite side. 



Note. — We have thought it of interest to add a brief synopsis 
of the clinical history and autopsy of the case of a woman observed 
by Professor Charcot and myself at the Salpetrifire, through a 
number of years. 

1871. Sudden attack; loss of consciousness; right hemiplegia. 

1873. Contracture of the paralyzed limbs ; sensibility in the 
affected side much diminished ; senses of taste and smell eq^ually 
affected on the same side ; vision, lost on right side, very imperfect 
on the left; conjugate deviation on the right aide. 

1874. Rage for tearing herself; she scratches her face, arms, 
legs, and especially the thigh of the paralyzed side. Face a little 
deviated to the left. 

Examination of the eyes revealed to me a total amaurosis and 
whiteatrophy of the disks; sensibihty obtuse; contracture persists, 

1876. Sensibility returned. Paralysis and contracture remain. 

1877. Falling of the right lid nearly complete; ocular move- 
ments intact; pupils equally dilated; complete loss of vision. 

1878. March 27th. Death. 

Autopsy. — Multiple cortical remolissementa not having their 
seats in the motor regions. Central remolissement on the left side 
which had invaded the optie bed and the corpus geniculatum of 
the eame side. 

Atrophy and degeneration of the corpus geniculatum extemuTti 
of right side. Atrophy/ of the two optic tracts, of the ehiasma and 
the optie nerves {the right a little more atrophied than the left). 

Tubercnla quadrigemina anteriora degenerated and of a yel- 
lowish tint 
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The following parts are healthy: the tubercula quadrigemina 
posteriora ; the corpus geniculatum dextrum, and the optic bed of 
the same side. 

Secondary degeneration of the cerebral peduncle and anterior 
pyramid of the left side. 

This case speaks strongly in favor of a crossing of those fibres of 
the optic nerves which do not cross at the chiasma ; as well as for 
the termination of the optic fibres of each eye in the neighborhood 
of the corpora quadrigemina anteriora. 
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LECTURE XVI 



OPHTHALMOSCOPY. 

Gentlemen : — Among the methods of examination with whii 
ophthalmology has been enriched during the last twenty years, 
some of the more important of which we have examined in the 
preceding lectures, the ophthalmoscope holds the first place, and 
for a variety of reasons. 

It is the ophthalmoscope which, by rendering the interior of 
the eye accessible to exact examination, has raised ophthalmology 
from the ranks of empiricism and placed it on the firm ground of 
science, where it has made a progress as rapid as it has been 
brilliant. 

It is the ophthalmoscope which has brought such efficient aid 
ocular anatomy and physiology, particuhirly in the study of thi 
structure and functions of the deeper portions of the eye, and 
the properties of its dioptric apparatus. 

In pathology the ophthalmoscope has also inaugurated a new 
era. All questions appertaining to amblyopia and amanrosis, 
hitherto so obscure, have become, probably, tlie best studied and 
moat clearly understood of any in human pathology. 

The diseases of the membranes at the fundus of the eye are 
diagnosed in their incipiency, and followed in their development in 
their most minute details. We see, for example, a choroiditis 
taking its origin in the peripheral portion of the vascular mem- 
brane of the eye, extending gradually toward the equator, 
approaching the posterior pole, and finally invading the part most 
essential to vision. We see it begin under the form of a simple 
hyperemia, accompanied here and there by exudations and 
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hemorrhages, to afterward causa alterations io the pigmentary 
coat of the fimdus, alteratioas which manifest themselves in some 
places as atrophy, in others as a massing of the pigment. 

We see, at the same time, the inflammation of the choroid 
communicated to the retina ; the pigment migrating into the 
nervous layer and forming deposits along the walls of the vessels. 

We can see, also, the interference in the process of nutrition 
which results from it in other parts of the eye ; the vitreous 
humor is filled with floating bodies, the posterior surface of the 
lens becomes opaque, and finally the whole lens loses its trans- 
parency, and intercepts the passage o,f light. 

We follow, with the same facility, the evolution of all the other 
affections of the fundus of the eye. 

In another branch of ocular pathology the application of the 
ophthalmoscope is equally satisfactory. With it we are enabled 
to determine the refractive condition of the eye with great 
certainty. 

But it is not ophthalmology alone which has derived such 
immense advantage from the invention of this important instru- 
ment. It has thrown much new light upon general medicine. 
Physiology has recourse to the ophthalmoscope for the purpose of 
studying, during life, the phenomena of the circulation of the 
blood, and the condition of the nervous substance under the 
influence of various cerebral disturbances. 

We frequently find written on the bottom of the eye the 
diagnosis of an organic or diathetic affection, even when all the 
other symptoms do not suffice to establish it. The ophthalmoscope 
has often revealed the beginning of a general disease before any 
of the ordinary symptoms characteristic of it had made their 
appearance. 

I would call your attention, in support of this assertion, to 
tubercles of the choroid, retinitis albumin urica, optic neuritis, and 
"choked disk," symptoms pathognomonic of various troubles in 
the brain. 
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I have scarcely need to speak of simple anEenjia, characterized 
Ly pallor of the oplic nerve, or that form of ansemia called per- 
nicious, which is revealed, under the ophthalmoscope, by multiple 
hemorrhages in the tissue of the retina. And I need hardly add 
syphilitic retinitis, and the phenomena of pulsation of the central 
vessels of the optic nerve in diseases of the heart. All these ara 
ophthalmoscopic symptoms most important for the diagnosis of 
general diseases. 

The importance of the ophthalmoscope is uDiversally recog-J 
nized, and it would ha a great gain to medicine if all physicians J 
ware perfectly familiar with tbe use of the instrument. Indeed, 
it is so simple, and its employment so uncomplicated, that it would , 
seem, at first sight, that nothing would be so easy as to see the ( 
bottom of the eye. It is, however, not so easy as it appears. 

In onler to profit as much as possible by the instrument it is j 
necessary to understand the principles of its construction and to I 
take an account of the conditions which govern its employment. 

These two facts are too frequently lost sight of by the practi- | 
tioner, and the object of these lectures on ophthalmoscopy is to ( 
set forth the principles on which the ophthalmoscope is made, and 
instruct you how to use it to the best purpose. We shall confine 
ourselves to questions strictly practical, without entering into 
special theoretical details. We shall refrain, also, from a descrip- 
tion of the innumerable variety of forms which the ophthalmo- 
scope has assumed since its invention, simply limiting ourselvea 
to the most important modifications. 

We will omit, also, a description of the various patbologicar'l 
conditions of the fundus of the eye, leaving this to wor 
pathology and pathological anatomy of the membranes o 
to which it belongs. 



THEORY OF THE OPHTHALMOSCOPE. 

The ophthalmoscope is an instrument enabling us to seethe^ 

interior of the eye ; but a large majority of individuals, perhaps, J 
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do not know why it is that we have need of an instrument to thua 
look at the fundus ocuU. What, indeed, ia it that prevents ua 
from seeing, with the naked eye, the optic nerve, the choroid, the 
retinal veins, etc., since all the structures situated in front of 
them are transparent? Why is it that the pupil appears black, 
although the fundus of an eye looking toward a light ia evidently 
illuminated ? 

These questions have occupied the attention of savants for 
centuries, and many theories have been formed for their solution, 
all more or leaa plausible. It was thought, for example, that the 
pigment of the choroid absorbed all the Ught peaetrating the eye, 
This theory cannot hold good, because the pigment of the choroid 
is far from being absolutely black. It therefore reflects a good 
part of the light; but beside the pigment of the choroid and 
retina there are many other objects in the fundus of the eye which 
absorb only a very small portion of the light incident upon them, 
as the retinal vessels, papilla, etc. 

Again, the opinion was promulgated that the light, in order to 
be perceived by the optic nerve, must be transformed in the retina 
into a kind of physical force, such that it could not return again 
as light from the bottom of the eye, etc. 

It was only in 1851 that Helmholtz gave a solution to the 
problem, and showed why, in ordinary conditions, we cannot see 
the bottom of the eye when it ia illuminated. He explained it aa 
follows : — 

The light coming from an illuminated portion of the fundus of 
the eye follows the same course in leaving the eye as it did in 
entering it, that is to say, it is directed toward the source of 
illumination. 

The well known laws of conjugate foci are applicable here. As 
ia well known, a luminous point and its image formed by an optical 
instrument are called conjugate foci. The law governing these 
foci is as follows : the luminoua raya coming from an object follow 
exaatly the same path aa those which, oomefrom its image formed 
16 
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by an optical system, and consequently we can indifferently replace 
the image by the object, and the object by the image. 

Thus, Buppoae that we take (aa in Fig. 30) a convex lena, for 
example. No. 20 D ; if we place a candle at a certain distance 
in front of it, and a paper screen behind it, just at the point where 
the image I of the candle is formed, the points which make the 
object and the corresponding points of the image are conjugate 
foci. If we now place the candle in the place of the screen and 
the screen in the place of the candle, we will find that the image 
ia formed jost where the object was before; an experimental 
demonstration of the law of conjugate foci. This law is very 
important in tha theory of ophthalmoscopy, and we shall have 
frequent occasion to refer to it.* 
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Thus, already, in regard to the illumination of the bottom of 
the eye, this law enables us to see at once why, under ordinary 
conditions, the fundus of the eye is not visible. 

Let us put our lena in a tube. We find an apparatus of this 
kind already prepared for us in the ocular of a microscope when 
the upper lens is removed. Cloae the open end of the tube with a 
piece of white paper, and place a light some meters in front of 

* I would recommend the reader 10 make for himself this airaple experimenl, 
which renders the theory of the ophthalmoscope aad the ToroialiDii of the 
ophthalmoscopic image very clear and intelligible. Care should be taken, 
however, lo use a very small flame, and not an ordinary candle, which gives ■ 
flame much too Urge. Instead of the flame an opaque screen with a perforation, 
of any desired form, covered by a piece of ground gloaa, can be used. A light 
placed behind this will ftimiah an object which is much better ihsn the candle, 
for making the experiment. 
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the lens. On directiog the lens toward tlis light you will see an 
image of the flams formed oa the paper, and the part of the paper 
oa which the imige appaara will ba atroagly illuminated, as you 
caa convince yourself by looking at the paper from behind. The 
opeoing ia the tube that la closed by the leo3 and crossed by the 
incident and eia^rgeat light appoa-ra, however, absolutely black 
when viewed from the front. The light which cornea from the 
illuminated portion of the screen cannot enter the eye of the 
observer, because the raya take, on quitting the lens, the same 
direction they had when they entered it, that is, they come to- 
gether again in the flame, according to the law of conjugate foci. 
The same thing occnra in the eye. 




Let, for example (Fig. 31, I), L be a luminoua point situated 
in the flame to which the eye ia adapted ; I will be the image 
which is formed on the retina, Thia point I of the retina is, 
therefore, strongly illuminated ; bat the light which cornea from 
it does not fall in an eye which ia looking into its pupil; it 
follows, according to the law of conjugate foci, the same path 
taken by the incident light, and comes to a focus in the point L of 
the flame. 

In order that the observer may see the retina illuminated he 
must place hia eye in the cone of emergent raya lipp, which 
would not be possible without intercepting the light. The aame 
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law would apply, of course, to all the luminous points composing 1 
the flame ; the sum of their images illumine a part of the retina, | 
and the rays emerging from this part are again united in the' j 
source of illumination. 

But these conditions change when the eye is not adapted to the t 
flame which illuminates it. 

Suppose that, in our example, the retina is found behind the 
place where the image of the luminous object is formed {I, Fig. 32). 
Let, for example, the eye A be strongly myopia. Then, in place 
of a distinct image, the point L will form on the retina an image 
of diffusion x'x, and the luminous raya which come from this part 
of the retina, from the point o, for example, will not form their 
image any longer in L, but nearer the eye, at the point R, for i 




which the myopic eye is adapted. After their union in E tha \ 
rays continue their course in a diverging manner, and thus form 
a luminous cone F'F a'a, in which the eye of the observer can be 
placed without interrupting the light. An eye placed in this 
cone will, therefore, receive the light coming from the fundus of 
the eye A, and will see it illuminated. 

The same thing occurs when the retina of the observed eye ia 
situated in front of the conjugate focus of the light. 

Thus, suppose the eye in Fig. 31, II, to ba strongly hyperme- 
tropic. The luminous raya coming from L, instead of coming to 
a focus on the retina, are united behind it in I, and form on the 
retina an image of diffusion xx'. On the other hand, the luminous 
rays coming from the point o of this illuminated portion of the 
retina are no longer directed toward the source of illumiaation, 
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but leave the eye in a divergent manner, as pa and p'a'. By 
placing hia eye in this luminous cone, at B, for eiample, an 
observer can receive the light which comes from the bottom of the 
eye without intercepting the incident light, and without being 
much inconvenienced by it, especially if care is taken to shut off 
the glare of the lamp by a screen. 

If we advance or withdraw the paper which closes the open end 
of the ocular of the microscope which we have taken to represent 
an artificial eye, we will aee that while the image of the flame 
becomes diffuse we can distinguish the white of the paper through 
the lena, and by advancing or withdrawing it sufficiently wa can 
even sea the figures traced upon it. 

The same phenomenon ia sometimes manifest in the eye. It 
baa been known for a long time that the eyes of certain animals 
shine when they are directed toward a luminous object. There 
are also certain affections of the eyes, especially intra-ocular 
tumors, which enable us to see into the interior of the eye without 
the intervention of the ophthalmoscope. One of these affections, 
glioma of the retina, has received, on account of this phenomenon 
and its analogy to the appearance of the eyes of certain animals, 
the name of amaurotia cat's-eye. 

Mery and La Hire observed that it was possible to make the 
eyea of animals luminous by immersing them in water. They 
also showed that a reflex can be obtained from the interior of any 
eye by removing the lens or cornea, or both. 

The explanation of these phenomena is not at all difficult after 
the experiments which we have just made. All eyea which shine 
spontaneously are in the condition which we have just been 
conaidering, that ia to say, they are not adapted for the source of 
illumination. 

Indeed, the animals whose eyes shine, such as cats, dogs, 
rabbits, cattle, etc., are all hypermetropic, and considerably so. 
All the rabbits whose refraction I have determined have possessed 
a H. of about 3 D. 
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Eyea affected with intra- ocular tumors, detachment of the 
retina, etc., are also liypermet.ropic, that is, the retina is situated 
in front of the focus of the incident rays. Thus, as is shown in 
Fig. 31, II, the rays which come from the illuminated part of the 
retina do not follow the path of the incident rays, but occupy a 
much larger apace. J 

This is why we obtain a yellow reflex from the eyea of cats, and 
why we see directly, and without the aid of an ophthalmoscope, 
the retina which is detached, or affected with a gliomatoua tumor, 
or is pushed forward by a tumor of the choroid. We can produce 
the same effect by making pressure with the finger on the fundus 
of an enucleated eye which is turned toward the light. The 
interior of this eye, which was dark before the pressure was made, . 
now becomes luminous, from the advancement of the fundus. | 

And why do eyea deprived of their cornefe and crystalline 
lenaes, and eyes that are immersed in water, shine? The answer 
is simple enough ; while those eyea affected with glioma are 
hypermetropic by shortening of their antero-posterJor axes, those 
deprived of their cornese or lenaes, or immersed in water, are 
hypermetropic on account of the diminution of their refracting 
power. 

An eye which would have seen distinctly a light placed at no 
matter what distance, will no longer see it distinctly after an 
operation for cataract, because, the lena being taken out, its 
dioptric system ia no longer able to unite the rays coming from 
the flarae upon the retina. This eye, instead of having a clear 
image, has, therefore, an image of diffusion, aa seen in Fig. 31, II, 
and the parts diffusely illuminated send out, in their turn, raya 
which, far from uniting in the source of illumination, are directed 
to all sides in a diverging manner. 

For the same reason eyea which have been deprived of their 
corneas are luminous. They are rendered hypermetropic by a 
weakening of their dioptric systems. 

The same effect is produced in eyea immersed in water. Water' J 
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having nearly the same index of refraction aa the aqueous humor 
of the eye, the cornea loses its power of refraction, and it is now 
the plane surface of the water which replaces the convex surface 
of the cornea ami separates the refracting surfaces of the eye from 
the air. There is thus brought about a very considerable diminu- 
tion of the refracting power of the eye, which is expressed by a 
hypermetropia of a very high degree. 

These are the conditions in which we are able to see the fundus 
of the eye illuminated. 

Exceptional conditions are met with, it ia true, but they are 
conditions not ordinarily realizable in practice. Moreover, even 
although we receive a certain portion of the light which cornea 
from the bottom of the observed eye, and although a certain 
number of these rays enter the eye of the observer, it is only a 
small portion of the emergent light which is thus available, and if 
the ametropia is not very great the greater part of the light still 
pursues its way toward the source of illumination; iu certain 
cases the whole of it ia united there. The illumination under 
which the fundus of the eye is seen, under these circumstances, is, 
therefore, of necessity, very feeble. It is, in the majority of cases, 
insufficient for making out the finer details. 

It is remarkable that all these known facts did not suffice to 
furnis hour ancestors with a means of examining, during life, the 
optic nerve, the retina and the choroid, as we are now able to do 
with such facility and success. In order to see the interior of the 
eye in a satisfactory manner it does not suffice to look obliquely 
into it and to receive some of the scattered rays at the periphery 
of the luminous cone which comes from it, but it is necessary that 
we be able to place the eye in the axis itself of the rays emerging 
from the eye under examination. 

Helmholtz solved this problem in that simple manner which 
characterizes all great discoveries. In place of putting the light 
in front of the eye to be examined, he placed it at the side, and 
reflected it into the eye by means of a semi-transparent mirror, or 
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a mirror with a central perforation. Let E (Fig. 33) be the ejt 
under examination, E' the examining eye, L a source of illumina- I 
tion, and MM a mirror. 

This mirror, held obliquely before the examining eye, reflectsJ 
Fia. B3. the light from L into it, as if I 

it came from L', and as fajr as I 
regards the eye E, it is the 1 
same as if the flame v 
nated in L'. The eye of the 
examiner ia found, therefore, 
in the direction of the inci-'i 
dent rays, and the light I 
which comes from the illu- 1 
minated portion xx of the I 
eye E will not all be reflected I 
toward L by the mirror, but J 
a portion will pass through I 
the mirror if it is semi-trane- 
parent or baa a perforation, 
This light falling on the eye I 
of the observer will enable | 
him to see the fundus of the \ 
eye under examination. 
The essential part of the ophthalmoscope is, therefore, the I 
mirror reflecting the light. The mirror of Helmholtz's ophthalmo- I 
scope is composed of a number of thin plates of plane glass, super- 
posed one on the other. This mirror reflects a portion of the light j 
which falls on it, while the other portion passes through it- 
All manner of mirrors imaginable, plane, concave, convex, pris- 
matic, single, or combiued with convex lenses which concentrate j 
the light on the mirror, have been used since the invention of this | 
flrst one. Some have been mEide of metal and perforated in the \ 
centre, others are of silvered glass, with a portion of the silvering 1 
removed at the centre, or with a perforation. 
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In practice it has been found that the concave mirror with a 
central perforation is the most convenient. It is not a matter of 
much importance whether the mirror be of metal or glass. The 
advantage of the concave mirror is that it concentrates the light, 
thus giving the most powerful illumination. 

However, in many cases a feeble illumination is preferable, 
especially so when the eye under examination cannot bear the 
light, in consequence of inflammation of its deeper structures, or 
where the pupil is strongly contracted by bright light. In such 
cases the plane mirror can be employed with great advantage. 

Experience has shown that the mirror best suited for practice 
should have a diameter of 28 millimeters and a focal distance of 
18 centimeters. The plane mirror should be of the same size. 
The central perforation ought to be at least 3 mm. in diameter. 
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EXAMINATION OF THE ERECT IMAGE. 



Gehtlemen : — As we now know the means for illuminating tlie 
bottom of the eye, we have ao need, in what follows, to occupy 
ouraelvea with the source of the illurainatioo. We suppose it 
already illuminated, and now aak, What is necessary in order that 
we be able to make out the details of the fundus ? It does not 
suffice that the eye be simply illuminated, and that we receive the 
light from the part of the retina thus illuminated; we must see 
distinctly all its parts in detail. Now, in order to see an object 
distinctly a clearly defined image of that object must be formed 
on our retina. We must, therefore, endeavor to find the condi- 
tions necessary for the formation of a distinct image of the bottom 
of the eye under examination on the fundus of the eye of the 
examiner. 

This is not altogether a simple matter, since we do not look at 
the fundus of the eye directly, as we look, for example, at the 
memhrana tympani by meana of the otoscope, but through a 
refracting system — the dioptric apparatus of the eye under exami- 
nation. This dioptric system gives to the luminous rays which 
come from the bottom of the eye a certain direction, which difiTera , 
essentially from that which they would have had if they had 1 
simply passed through the air. 

The basis of the study of these questions is again the law of I 
conjugate foci, according to which, in any dioptric system, we ' 
can replace indifferently the image by the object and the object 
by the image ; or, expressed differently, in every dioptric system 
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the rays of light which are directed toward a point follow the 
same course aa those which come from that point. 

The convex lens, the small Bame and the screen which we have 
used in the foreyoing illustration of the law of conjugate foci will 
assist us in understanding easily the manner in which the 
ophthalmoscopic image is produced. 

Let ua suppose the lens lo represent the dioptric system of the 
eye, and the flame an object on its retina. In this case we can 
disregard the light which illuminates the eye so long as the 
object on the retina is itself luminous. 

We will suppose both the eye under examination and that of 
the examiner to be emmetropic. We know that in a state of 
repose the emmetropic eye is adapted for parallel rays. In order 
to see the fundus of another eye it is, therefore, necessary that the 
rays coming from it be parallel. Now, it is from the eyes of 
emmetropes that the rays emanate parallel to each other, and 
that, too, in accordance with the law of conjugate foci. 

The rays which are united on the retina of an emmetropic eye 
must be parallel before reach- no. sj. 

ing the eye, and therefore the 
rays are parallel after they 
pass out of it. Thus, in look- 
ing at Fig. 34 a point b on the 
retina of the examined eye E 
sends out rays which are par- 
allel after their exit from it, 
and again are united in the 
image a at the fundus of the eye of the emmetropic examiner E'. 

It is only necessary, then, for an emmetrope to throw the light 
by means of the ophthalmoscopic mirror into the eye of another 
emmetrope, in order to see objects at its fundus distinctly. The 
rays coming from the fundus of such an eye leave it parallel, and 
are united at the fundus of the examiniug eye which is adapted 
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for parallel rays. Tlie examiner will thus see objects at the 
fundus of the examined eye in their natural positions, as are all 
objects which we look at through a lens at whose focua they are 
situated. It is for this reason that this procedure has been called 
examination hy the erect method. 

To represent an emmetropic eye in our experimeut we must put 
the flame at the focus of the convex lens (20 D) at 5 centimeters 
behind it, since in the emmetropic eye the retina is found at the 
focus of the dioptric system. An ecametrope with a relaxed 
accommodation, in looking through the lens, no matter at what ' 
distance from it, sees an enlarged upright image of the flame. 

But if the examined eye is hypermetropic the raya coming from 
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its retina are not parallel. If you look at Fig. 35 you will see 
that the dotted raya coming from the retina a are divergent on 
leaving the eye, and that they diverge as if they came from a 
point E situated behind the eye. The hypermetropic eye requires 
the rays to be convergent in order to unite them on its retina, and 
therefore the rays returning from it must be divergent, 

Will the emmetropic examiner be able to see the fundus of this 
eye ? In a state of perfect reat, no, since in that condition it has 
need of parallel rays to form a distinct image. He will, therefore, 
see the examined eye illuminated, but he will not be able to make 
out the details of the fundus. In order to see these details 
distinctly he must adapt his eye to divergent rays, or render the 
divergent rays parallel ; in other words, either he must make his 
own eye myopic or the examined eye emmetropic. We have in 
ttie accommodation a very simple means of adapting our eye to 
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divergent rays. The emmetropic eye haa, therefore, only to make 
an effort of the accommodation aufSciently strong to see distinctly 
an object placed at B, in order that the divergent rays coming 
from the hypermetropic eye be united on his retina in a clear and 
distinct image ; he will then see the details of the fundus of the 
examined eye distinctly. 

But if the examining emmetropic eye E (Fig. 35) is not able to 
adapt itself to the point B, either because the accommodation is 
too weak, or because the rays coming from the examined eye are 
too strongly divergent (B being too close to the eye — the hyper- 
metropia being too great), or if it is desired, as is frequently the 
case, to see it without putting the accommodation in play, then 
the divergent rays must be rendered parallel ; and this can be 
accomplished by means of a convex lens placed between the eye 
of the examiner and that of the examinee. You will readily see 
that the focus of this lens should coincide with the punctum 
remotum B of the eye under examination. In Fig. 35, L is the 
correcting lens of the hypermetropic eye H. It makes parallel 
rays converge toward B and, of course, renders parallel the rays 
coming divergent from E, or, what amounts to the same thing, 
those coming from a of the hypermetropic eye, since they leave 
the eye with a divergence as if they had come from B. 

The emmetropic examiner can, therefore, see the details of a 
hypermetropic eye distinctly, either by illuminating it and 
bringing his accommodation into play, or by leaving his accommo- 
dation completely relaxed and putting a lens before the hyperme- 
tropic eye which corrects its anomaly of refraction. It is proper 
to remark here that, as far as regards the distinctness of the image, 
it is a matter of little consequence where the correcting lena is 
placed. We can, if the patient wears glasses, allow the glasses to 
remain on his nose, and look through the correcting lens with the 
ophthalmoscopic mirror, or we can put the lens behind the 
perforation in the mirror. 

Let UB return now to our artificial eye formed of a lens and 
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a flame. Since, in byp^fmeoropu, the retioa ix found in fro 
of the focus, we will oalj liave to bring the flame nearer thai 
lens than fire ceotimeten to have a dioptric system similar toi 
the hypennetrofHc eye. If we look througli the lens we will I 
see the flame upright and mlarged. It wi!! require, however, a^ | 
certain eSbrt of tlie accotnmodatioQ ; an effort which will have to ' 
be tbe greater the doeer the flAnae is to the lens (the stronger the 
hTpermetropia) ; and also gr««ter the nearer the observer brings 
himself to tbe lens and ixmseqaentlj to the punctum remotum. of 
the hypermetropic eye, or the negative conjugate focus of the lens. 
Suppose, finally, that the examined eye is myopic. Yon will 





remember that the myope, in order to see clearly, that ia, in order 
to unite the rays of hght upoa his retina, must have them come 
to his eye in a diverging manner. Thus, in Figure 36, the raya 
which come from the point R are united on the retina in the point 
a; therefore the rays which come from the point a of the retina 
are united in R. Consequently tbey are convergent on leaving 
the eye. 

Can the emmetropic examining eye unite converging raya on ila 
retina ? Never. In a state of repose it unites parallel rays, and the 
power of accommodation enables it to unite diverging rays, but it 
does not possess any means of adapting itaelf to converging rays. 
The emmetrope will not, therefore, be able to see an upright Image 
of the fundus of a myopic eye unless the converging rays coming 
from it are rendered parallel. In order to make converging raya 
parallel, we use a concave lens whose focus coincides with the 
point toward which the convergent rays are directed. This point 
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!3 the punctum remotum, R, of the myopic eye, and the lens is 
the correcting glass of the myopia. On looking at Fig. 36 you 
will see that the concave lens L gives to parallel rays a divergence 
as though they came from R ; these rays can then be united on 
the retina at a. Therefore, according to the law of conjugate foci, 
tha rays which come from a, and which, without a lens, would be 
united in R, become parallel in passing through the concave lens. 
The examiner can nnite these parallel rays on hia retina, and 
thus obtain a clear and distinct image of the fundus of the myopic 
eye. The principle is the same whether the glass is placed in 
front of the eye of the examiner or the examinee, but its lens 
must, in every instance, coincide with the punctum. remotum of 
the eye under examination. 

In order to represent myopia by means of our convex lens, we 
must remove the flame beyond the focus of the tens, that is, further 
distant than five centimeters, thea by bringing the eye near the 
lens the examiner will no longer see the upright image of the 
flame distinctly. This will be a diS'used image, and it will be 
the more diffused the further the flame is removed from the 
lens, that is, the higher the degree of the artificial myopia. But 
he will see it distinctly again if he places, before his eye a suffi- 
ciently strong concave lens. 

We have now shown how it is possible for an emmetrope to 
have a distinct upright image of the fundus of an emmetropic or 
ametropic eye. In order that an ametropic examinsr have this 
image distinct it is simply necessary to correct his ametropia. By 
this means he becomes emmetropic, and the principles which we 
have just laid down become applicable to hia eye. 

There are certain conditions, however, in which ametropes are 
able to examine the eyes of other ametropes by the erect method 
without the intervention of the accommodation or correcting 
lenses. We have just seen that the light coming from the bottom 
of a hypermetropic eye leaves it in a divergent manner, It is 
evident that an eye which is able to unite divergent rays on the 
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retina can see the bottom of a hypermetropic eye without s 
other means than the ophthalmoacopic mirror. Such eyes ara 
myopic, aince they are adapted for diverging rays, and a myopic • 
eye can aee distinctly the details of the fundus of a hypermetropic 
eye when the raya coming from it have the necesaary divergence. 
Now, in leaving the hypermetropic eye H, Fig. 37, the raya 
appear to come from the punotum remotum, R, of that eye ; on 
tlie other hand, in order to be united on the retina of a myope, 
the rays should come from its punotum remotum. It ia requisite, 
then, that the punotum rcTnotum of the myopic eye, and of the 
hypermetropic eye coincide, if they are to see each other's retina, 
reciprocally. Thia, however, is poaaible. 






Let ua take, as an example, a hypermetrope of 5 D. His 
punotum remotum is situated twenty centimeters behind hia eye( 
If this eye is examined by a myope who brings hia eye up to S 
centimeters in front of it, it will then be 22 cm. from the punotum | 
remotum of the hypermetropic eye, and if its own pUTicturrtM 
remotum ia 22 centimeters in front of it, he can, of course, s 
clearly the details of the fundua of the hypermetropic eye, aiaofl 
their puncta remota coincide. Now, aa the punotum remotum f 
ia situated in front of the eye it ia myopic, and if it is at 22 c 
timeters, the myopia ia = ^^^ = 4.5 dioptriea. But if the 
myopia of the observer ia only i D, that is, if ita puTirfum 
remotum ia found at -i-Jfl. = 25 centimeters in front of it, he will 
not see the fundua of the eye under examination at 2 centimetera 
in front of it, but must remove his eye to 5 centimetera from that 
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of the hypermetropic eye, if he would see the fundus diatinctly 
without an efFort of the accommodation. 

What IB the refraction of the eye of an observer who sees, 
without the aid of hia accommodation, or a correcting glass, the 
fundus of a myopic eye ? 

The rays coming from a myopic eye converge toward its 
■punctum remotum. The examiner cannot he emmetropic, because 
the emmetrope requires parallel rays ; much leas can he be 
myopic, since the myope demands divergent rays ; he must be 
hypermetropic, because it is the hypermetrope alone who requires 
converging rays. But we know that the rays coming from 
infinity are parallel, that those coming from a finite distance are 
divergent, and that converging rays are found naturally nowhere 
except coming from the interior of a myopic eye. It is, therefore, 
with reason that Jager says that the fundus of a myopic eye is the 
only object in heaven or on earth which a hypermetrope is able to 
see without the correction of his ametropia. 

Let us now return to the study of the conditions which we 
found, in the preceding paragraphs, as necessary for the formation 
of a clear and distinct image. The hypermetrope, deprived of his 
accommodation, cannot unite indifferently all convergent rays, but 
only those which are directed toward his pwnetum remotum. 
Now, since the rays coming from the eye of a myope are directed 
toward its punctuvi remotum, it is absolutely necessary that the 
punetum remotum of the myope coincide with that of the hyper- 
metrope, in order that the hypermetrope make out clearly the 
details of the fundus of the myopic eye in the upright image, 
without the intervention of his accommodation or a correcting 
glass. 

If the eye has a myopia of 4,5 D its punctum, remotum, is 
situated at 22 centimeters in front of it, and that of the hyper- 
metrope should be 20 behitid it when his eye is 2 centimeters 
before the eye under examination. 

There is no need to multiply examples. Understanding the 
17 
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fuodameDtal principles aa we bars given them, it ia easy to follov 
out all the combinations poasible, and to judge whether ao 
ametropa of a given degree can see the fundus of another 
ametropie eye or Qot, and at what distance it moat be plaoed. 
Moreover, when we have found the conditiona necessary to enable 
any eye ^ to see the fundus of another eye B, the law of conjugate 
foci tells U3 that under the aame conditions B can see the fuuduB 
of A if it turns the ophthalmoscopic mirror and illuminates it. If 
A sees the fundus of the eye B it ia because the image of B's 
fundus ia formed on his own retina. We have only to replace the 
image by the object, and the object by the image, according to 
the law of conjugate foci, and we readily see that, inversely, an 
object on the fundus of the eye A should form its image on the 
retina of the eye B, that ia to say, that B should see the upright 
image of A. 
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LECTURE XVni. 



THE INVERTED IMAGE. 



Gehtlemen : — We open in this lecture a new question in the 
study of ophthalmoscopy. We have repeated, time and again, 
that the rays coming from the fundus of a myopic eye are 
convergent, and are united in its punotum r&motwm. If this 
is trae, an image of the fundus of this eye must he formed at 
the distance of its punotum remotum, in accordance with the 
law of conjugate foci, which allows ua to replace the image by the 
object and the ohject by the image. Since an object is Been 




distinctly by a myope when at its p«nof«m remotum, that is to 
say, since a distinct image of the object is formed on the retina, 
it follows that an object on the rebina forms a clear and distinct 
image in front of the eye at the distance of its punctum remotum. 
We can easily convince onraelvea of the truth of this. We have 
only to illnminate a myopic eye of 10 D, for example, from a 
sufficient distance, in order to see a real image of its retina formed 
at 10 centimeters in front of it. 
An object E A (Fig. 38} which is situated at the punctum 
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remotum of tte eye M forms on the retina of thia ^e an image 
a b, and, reciprocally, an object a i on the retina forms an image 
A B in the air in front of the eye. The image and the object, 
yon see, are inverted in relation to each other. 

We can produce the same effect in our artificial eye comp(»ed 
of the flame and convex lens. Let na eimnlate the condition of 
myopia by removing the flame which representa the retina beyond 
the focal distance of the lens. By removing ourselves sufficiently 
far away from the lens we will see again the image of the flame, 
bat it is not the same image which we saw before, when the 
myopia was corrected ; the proof of this lies in the fact that we 
can only see it when we place ourselves at a certain distance from 
the eye, and that in order to see it distinctly we must bring our 
accommodation into play, because the image is situated in the air 
between our eye and the examined eye. Thus, retaining oar 
example of a myopia of 10 D, if we place ourselves at 40 centi- 
meters before such an eye the image of the fundus of the eye wiE 
be made at 10 centimeters in fix)nt of it, and 30 centimeters from 
our eye, and in order to see it distinctly we must, by our 
accommodation, adapt our eye to the distance of 30 centimeters. 

We have only to place a screen between our own eye and the 
convex lens which represents our artificial eye, in order to be con- 
vinced that at a certain distance from the lens the image of 
flame is produced on the screen. 

The images which we have obtained previously, of the emm* 
trope, and the hypermetrope and myope, after correction, coi 
not be received on a screen. 

Let us again use the lens and flame. We place the flame in 
the focus of the lens, or, in other words, we correct the myopia 
which we pi-oduced by removing the flame beyond the focus of the 
lens. We will be able to see the flame through the lens, but, no 
matter where we place the screen, we will not be able to obtain, 
any image of the flame upon it. 

The ophthalmoscopic image of an emmetrope or a correci 
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ametrope, a9 we see it in the aimple illumination, ia behind the eye, 
and virtual, while the image of a non-corrected myope ia produced 
in front of the eye examined, and ia real. 

Another important difference ia to be noticed, too, between thia 
real image and the image we aaw before, and that ia that the real 
image ia inverted while the other ia u'pright. The aame thing ia 
aeen when a myopic eye is examined at a distance, with an, 
ophthalmoacopic mirror alone. If we cauae the eye under exami- 
nation to make slight raovementa the image of the fundus of the 
eye does not follow these movementa, but ia displaced in an 
opposite direction. If we cauae the patient to look upward the 
image moves downward; if he looks to the left the image moves 
toward the right; and vice versa. Moreover, ia obaerving the 
diflk and remembering that the large vessels which come out from 
it are directed outward, you will see that in the image furnished 
by the myopic eye these vessels run in an opposite direction, 
inward, and if you have noticed the upright image in detail, 
and found a point of pigment, for example, above the disk, you 
will find it in the myopic image below. All these things go to 
show that the image is inverted. This, however, should not be 
astoniabing. You have not forgotten that all images are formed 
on the retina inverted ; therefore, if we replace the image by the 
object (always following the law of conjugate foci), an object on 
the retina ought, in its turn, to form an inverted image at the 
place where the object was. All myopic eyes, therefore, form, at 
the distance of their puncta rsmota,, real and inverted images of 
their retinse. 

It may be aaked, possibly, why it is that the emmetropic and 
hypermetropic eye do not form imagea at their punota remota t 
la reply I would say that in order that an image be r6;vl it muat 
be formed by the convergence of luminous rays. 

Now, the rays emanating from emmetropic eyes, being parallel, 
cannot come to a focus and form an image in the air, and the 
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rayB coming from a hypermetropic eye are much less able to do 
ao, since they are divergent. 

In speaking of the punctuin. remotum of a hypermetropic eye 
it must be anderstood always that it is negative, that is to say, 
it does not exiat in reality, bat only corresponds to the anion of 
the rays coming from a hypermetropic eye and supposed to be 
prolonged backward, that is, to the point from which they appeiir 
to emanate. 

Neither an emmetropic nor a hypermetropic eye, ^erefore, can 
prodnce an aerial image, because the raya which come from them 
do not converge, as do those coming from the myopic eye. But . 
we are able to make both parallel and diverging raya converge by 
raeanfl of a convex lens ; in otter words, we can render an emme- 
tropic or hypermetropic eye myopic by placing a convex lens in 
front of it. 

Place, for example, before an emmetropic eye a convex lens of 
10 D, What will be its influence on the emerging rays? It will 
nnita the parallel rays which come from the emmetropic eye at 
its focus situated 10 centimeters in front of it, or, what amounts 
to the same thing, it will give an emmetropic eye a myopia with 
its punctum remotum 10 centimeters in front of the lens. Our 
emmetrope, deprived of his accommodation, will read, with this 
glass of 10 D, the smallest print 10 centimeters in front of it; his 
eye will be adapted to this short distance in the same way as a 
myope's is to the distance of his purtnturn remotum.. Inversely the 
objects on his retina will make their inverted and real images at 
the same distance in front of the lens. If we illuminate the 
interior of an emmetropic eye by means of an ophthalmoscopic 
mirror we will see an upright image of the fundas at any distance, 
without any effort of the accommodation. If we place before the 
same eye a convex lens, and remove our eye to some distance from 
it, we will see, by an effort of the accommodation, another image 
inverted and situated in front of the eye under examination. 

Thus in Fig. 39 the object a b, at the fundus of the emmetropic 
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eye, forme, by means of the lena L, aa inverted image, aa, inversely, 
an object A B will form its image in o 6 on the retina. 

The aame thing occurs in a hypermetropic eye. If the convex 
lens is aufBciently strong, it will render the divergent rajfs of the 
hypermetropic eye convergent, so that they will be united and form 
an inverted image in front of the eye, not at its focua, but beyond 
it, and nearer the observer, since the rays coming from the eye 
observed are not parallel, but divergent. 




In order to obtain an inverted image of the fundus ol' an 
emmetropic or hypermetropic eye, we must, therefore, place a 
convex lens in front of it, while for the myopic eye this image 
is produced spontaneously, at ita ■punctu.m remotum, without 
the intervention of any lens. We can thus easily examine 
the eyes affected with a considerable degree of myopia {from 10 to 
20 dioptries) with a simple mirror ; but for myopia of less degrees, 
this method is not practicable. If we have a myopia of 2 D, for 
example, there is no doubt but that there will be an inverted 
image of its fundus formed at 50 centimeters in front of it, but 
how can we illuminate an eye with an ordinary ophthalmoscopic 
mirror at a distance of more than 80 centimeters ? For, in order 
to see the image we must be at 30 centimeters distance from it. 
This is not practicable, because the illumination becomes too weak, 
and because the enlargement of the inverted image becomes so 
great that the image of a single branch of one of the retinal 
vessels fills the whole of the pupillary field, and we cannot make 
out the details and their relations with any satisfaction. What 
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should we do in such a case ? We should use the same means 
which we have just used for the emmetrope^ and hypermetrope. 
Since the myopia is too feeble, we increase it by placing a positive 
lens in front of the eye. The inverted image is formed too far 
from the eye, so we unite the rays closer to it, by increasing their 
convergence by means of a convex lens. The inverted image in 
this case is found nearer to the lens than in emmetropia, thai is, 
within its focus. 
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LECTURE XIX. 



THE SIZE OF THE OPHTHALMOSCOPIC IMAGES. 

Gentlemen: — Becurring again to our primitive artificial eye, 
we find that it discloses to us yet other valuable facts. Make ttia 
eye emmetropic or hypermetropic, by bringing the flame up to the 
focal point of the lens, or -within it. We see again the image 
upright. By interposing between our eye and the lena which 
represents the eye to be examined a convex lens, No. 10, for 
example, we see the image change immediately, from the up- 
right to the inverted. By comparing this inverted image with 
the upright image, the striking fact ia revealed that the upright 
image is much the larger. 

The upright image of the living eye is often so large, indeed, 
that we cannot see the whole of the papilla iu the field of the 
pupil; often a single trunk of the retinal vessels is auf&ciently 
large to fill it, while the inverted image can be made ao small aa 
to enable us to see at once not only the whole of the papilla but a 
large portion of the retina surrounding it. 

Moreover, if, in making the inverted image, we employ different 
convex lenses, we shall find that the inverted image obtained by a 
weak lens is larger than that given by a stronger one, and further- 
more, that it is formed at a greater distance from the lena than 
the latter. 

We shall find, too, that the inverted image formed by the 
emmetropic eye with the same lens, has always the same size, what- 
ever may be its distance from the eye. 

Ob the other hand, the size of the inverted image of the hyper- 
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3 the lens is removed from 



1 proportion 

e myopic eye, on the contrary, the 



metropic eye diminishes 
the eye. 

By removing the lens from 
size of the inverted 

If we should compare the inverted images obtained by the same 
lenses, at the same distance from an emmetropic, hypermetropic 
and myopic eye, we should, of course, find that the image of the 
hypermetropic eye was larger, while that of the myopic eye waa 
smaller than that of the emmetropic eye. From which fact the 
three following very important laws have been established. 

1. The upright image of en eye is larger than its inverted 
image obtained by the aid of a atrong convex Una. 

2. The size of the inverted image is proportional to the foecd 
distance of the convex lens used (inversely proportional to its 
refracting power). 

3. The inverted image of a hypermetropio eye is, other things 
hieing equal, greater than that of the emmetropic eye, and that {f 
the emmetropic eye is greater than that of the myopic eye. 

These are very important facts ; but they give ua only rela- 
tive ideas ; they indicate the relations which exist between the 
size of the various ophthalmoscopic images, without giving us 
the least hint as to the absolute size of the images, or even the 
relations which they bear to the size of the object. The enlarge- 
ment of the ophthalmoscopic image is a totally difierent question. 
You must not forget that the interior of an eye examined with 
the ophthalmoscope is not looked at under the same condiUons as 
an object viewed in the air, as, for example, the membrana tympani, 
which we observe by means of an otoscope. We look at it through 
a dioptric system, namely, the refracting apparatus of the eye 
under examination, to which Tve sometimes add a lens, to correct 
the ametropia or to produce the inverted image. 

It is hardly necessary to say that, under these circumstances, 
the objects at the fundus of the eye do not appear of their natural 
size. Indeed, in the examination by means of the upright image, 
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the fundus of tbe eye is situated at or near tlie focns of a magni- 
fying lens, and all objects seen under such conditaons are magnified. 
In the examination of the inverted image the fundus ia found, as 
we have seen, beyond the focua of the magnifying lens, since the 
image it produces ia inverted, and for convex lenses, which we 
generally use in ophthalmoscopy, this inverted image, though 
smaller than the upright image, is still larger than the object 
which produces it. 

It is not an unimportant matter to determine the enlargement 
of the ophthalmoscopic image. What would you aay of a his- 
tologist who would not take account of the enlargement of his 
preparations under the microscope, and what should we think of 
those ophthalmologists who do not endeavor to find out the real 
dimensions of those parts of the eye which they examine with the 
ophthalmoscope ? I repeat, that this question has a great practical 
importance, and is not interesting simply from a scientific point of 
view, since it is not a matter of indifference to know the real size 
of a foreign body which the ophthalmoscope shows ua in the 
fundus of the eye. Neoplasms at the fundus or in the interior of 
the eye are likely to remain to us an unsolved mystery, if we do 
not take account of their real sise ; but it ia especially for the 
purpose of studying the topogTaphif of the fundus that it ia 
important to reduce the ophthalmoscopic image to ita real size. 

It is of great importance to know what part of the eye we ard 
examining ; if such and such an affection of the fundus is found 
very near or very far from the macula; at how many millimeters 
from the papilla a foreign body is lodged, which we propcee to 
extract. It will diminish considerably the chances of success of 
this operation, which, however, ia aometiraes successful, if we can- 
not put a just estimate upon the seat of the foreign body, such as 
can only be obtained by a knowledge of the real size of the 
ophthalmoscopic image. 

This question, however, ia not one very easy of solution, and it 
cannot be solved without the assistance of mathematics; and 
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since it is in accordance with our plan to adhere strictly to the 
practical side of our subject, we shall not go outside of it now to 
consider this matter, but simply refer those who desire to go into 
the subject fully to my monograph on the enlargement of the 
ophthalmoscopic image,* and to the chapter on the same subject 
in the Compendium d'ophthcdmologie, by Wecker and Landolt. 
I have treated the subject in detail in those places, and I shall 
here limit myself to giving the results obtained. 

The enlargement of the upright image depends on the distance 
to which the image is projected ; in other words, on the distance 
at which the observer thinks he sees it. If this distance of 
projection, as I call it, is 30 centimeters, that is, if the observer 
projects the image to a point 30 centimeters in front of him, the 
enlargement of the upright image will be 20 times. 

The inverted image produced hy a convex lens o/ 20 i) (+ J 0,S) 
placed at 47 mUZimetera in front of the cornea is, for the emme- 
TROPE, 3.6 times greater than the object ; it is larger for the 
hypermetrope, smaller for the myope; and this difference 
increases with the increase of the ametropia. It is, however, not 
very considerable; thus the inverted image of a hypermetrope of 
7.9 D (^ O.S) is 4.1 times larger than the object; for a myope of 
7.9 D the image is 3.1 times larger than the object. 

The relation of the size of the inverted image of an ametrope, 
under the circumstances mentioned, to that of the upright image, 
is, therefore — 

For emmetropia = 1 : 5.5. 

For hypermetropia of 7.9 D = 1 : 4.7. 

For myopia of 7.9 D = 1 : 7.1. 

It follows from this that we should use the inverted image' 
when we wish to take a general view of the background of the 
eye, while the upright image is to be employed when we wish to 
study it more in detail. 

* Le grosiasemerU des images ophthalmoscopiqaes. Paris, 1874. 
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LECTURE XX. 



DETERMINATION OF THE REFRACTION BY MEANS OF 

THE OPHTHALMOSCOPE. 

Gentlemen : — ^The course of luminous rays which enter the eye, 
as well as that of the rays coming from its interior, depends, as 
we have seen, on the condition of the refraction of the eye. In 
ophthalmoscopy we have to do with both the incident and emergent 
light : the incident light being that with which we illuminate the 
eye, the emergent light that which forms the ophthalmoscopic 
image. Now, the refraction of the eye influences not only the 
course of the emergent light which forms the ophthalmoscopic 
image, but also that which we throw into the eye, and that, too, 
in a variety of ways. Ophthalmoscopy should, therefore, furnish 
us, not with a dngle method only, but with many methods for 
determining the refraction of the eye examined. We can deter- 
mine the refraction of the eye by means of the incident light ; we 
can determine it again by means of the lens which it is necessary 
to use in order to see the upright image ; by means of the enlarge- 
ment of this image; by means of the distance at which the 
inverted image is formed ; and finally, by the enlargement of the 
inverted image. 

The sipmlest and most practical of all these methods consists in 
finding the lens which the examiner needs in order to see the 
fundus of the eye under examination, distinctly. 

After what has gone before, this method requires but little 
further explanation. We have seen that the eye of the examiner 
being emmetropic, the lens which it is necessary to use in order 
to see the erect image of the fundus of another eye depends upon 



I 



S62 EXAMINATIOH OF THE EYES. 

the refraction of the eye to be examined, and that the number of 
the lens uaed to give a distinct image marks the degree of the 
ametropia. I 

Yon muat not forget the one essential condition for determining i 
the refraction ; the eye of the examiner, as well aa that of the 
examinee, must have its accommodation completely relaxed. 

If the examination is made in a dark chamber, and the examinee 
ia told to look as if at objects in the distance, the accommoda- 
tion ia nearly always completely relaxed. The proof of this ia that 
the refractionj aa determined by the ophthalmoscope, is nearly 
without exception less than that found by the usual means of teat 
glasses, and nearly always corresponds with that found after the 
accommodation has been overcome by atropine. 

It is indiapensEible that the observer habituate himself to relax 
his accommodation during ophthalmoscopic examinations. In 
order to do this emmetropes and hypermetropea most accustom 
themselves to look through convex lenses at objects situated at tha 
focus of the lens, and to practice bringing their eyes to a condition 
of parallelism. This latter can be accomplished by placing before 
one eye a prism with its base inward. We have also found it of 
advantage to observe the inverted image through a tolerably 
strong convex lens (+ 3 D), in order to accustom ourselves to 
relax the accommodation in all examinations with the ophthalmo- 
scope. Those who are not able to completely control their accom- 
modation, should find the point to which they are able to relax it, 
and then consider themselves myopes whose puncta remota are sit- 
uated at the distancea for which they adapt their accommodation. 

Finally, it is very important to know what point of the eye to 
choose as aa object for deternoining the refraction. It ia evident 
that in the majority of cases we will wiah to take the refraction in 
the direction of the viaual axia, that ia, in the direction of the 
maaula lutea. But the macula ia not a good point to select. In 
the first place, there are no objects there with clearly marked out- 
lines by which the examiner ia able to judgs whether his eye ia 




DETEBMIHATIOH OF REFHACTION BY OPHTHALMOSCOPE, 263 



accurately adapted or not; ia the second place, the hght of tha 
ophthalmoacope falhng directly on the 7naaula dazzles the observed 
eye to such an extent that the pupil contracts and thus interferes 
much with the examination; finally, it ia in the direction of the 
optic axia that the reflections from the refracting surfaces — the 
cornea, and the surfaces of the lens — are most annoying. 

An object which serves much better than this is tha papilla, 
with its clearly marked outhne, which ia sometimes bordered by a 
line of pigment, and with its vessels, which are clearly pronounced 
against the bright background. Furthermore, it ia insensible to 
light, and the reflection from the cornea is thrown to one side, 
because it is not found on the line of vision of the observer when 
he is looking at the disk. It is only necessary to know, therefore, 
if the refraj^tion at the papilla ia the eame as that at the niaeula; 
that is, whether the papilla and the macula are on the same plane 
relative to the dioptric system of the eye. A difference of a frac- 
tion of a millimeter in the length of the eye suffices to produce 
considerable differences in its refraction. Ordinarily, however, 
we can say, without any great error, that the Tnaeula and the 
external border of the papilla are about on the same level ; it is only 
in excavations and protrusions of the optie nerve, and especially 
in staphyloma posterior, that we have to determine the refraction 
at the f/iacula itself. 

It is of importance sometimes to determine the refraction, not 
only for the central part of the fundus of the eye, but also for the 
peripheral portiona. I, among other observers, have satisfied my- 
self that, where myopia is produced by an elongation of the eye 
(ftzial myopia), it ia leea at the periphery than at the center. 
It may change to emmetropia, or even hypermetropia, at the 
peripheral portion. 

We will now suppose that the observer is emmetropia a?ui 
deprived of hia accommodation. When he sees the fundus of 
another eye distinctly, without the aid of any correcting glasa, by 
Bimple illumination with the ophthalmoscopic mirror, that eye 
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must also be emTTietropic : if the examiner sees tte fundos of the 
examined eye, the image of the fundaa moat be formed clearly 
upon his own retina, and in order that this image be distinct it is 
necessary that the rays coming from the examined eye be parallel, 
and parallel rays can only come from an emmetropic eye. 

If, on the contrary, the emmetropic eye sees the fundus of an- 
other eye by means of a convex lens, as well, or better than with- 
out a glass, then the examined eye is hypermetTOpic ; for, in order 
to see clearly, the emmetropic eye must have the rays coming to 
it parallel, and if the rays are parallel after passing through a 
convex lens, they must have been divergent before reaching it, 
and that divergence must have been the same as if the rays came 
from the focus of that lens. Now, it is only a hypermetropic eye 
which can send out divergent raya. The examined eye must, 
therefore, be hypermetropic, and its punetuvi remotum must coin- 
cide with the focus of the correcting lens. The degree of the 
hypermetropia is therefore given by the number of the correcting 
lens. If an emmetropic observer sees the fundus of a h3rperme- 
tropic eye distinctly with a No. 4 convex lens, it shows that this 
eye has need of an increase of 4 dioptrics in its refracting power 
in order to become emmetropic, that is to say, in order that 
luminous raya coming from it shall be parallel. He has, therefore, 
been 4 dioptries weaker than the emmetrope, and conseq^uently hia 
hypermetropia is 4 D. 

"We can consider the matter in yet another way, The correct- 
ing lens has rendered the rays coming from the eye of a hyperme- 
trope parallel ; therefore they were divergent, and, as we have 
said, the point of divergence is found at the focus of the lens, 
which coincides with the puTLctum remotum of the hypermetropic 
eye. Now, the focal distance of a lens of 4 D is ^-JJ^ ^: 25 centi- 
meters. The punotum remotum. of the eye under examination is 
found, therefore, 25 centimeters behind the lens. If the lens is 
held at 1,5 centimeters before the eye the pu-nctuTn. remotum ts 
found at 23.5 centimeters behind the apex of the cornea. 
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Here, you see, arises the queation of the distance whicli sepa- 
rates the eye and the correcting glaaa. It ia apparent that it is a 
matt-er of no little importance where the glass ia held. If it ia 
brought aa close aa possible it will not be far from the anterior 
focal point of the eye, which ia 13 millimeters from the cornea. 
It ought, therefore, to have the same power aa the lena which we 
have found in determining the refraction and acuteneea of vision 
subjectively by means of glasses, and aa we took in this method 
the number of the glass aa a direct expression of the degree of 
ametropia, so we shall make no reduction of the number when we 
determine the refraction by the ophthalmoscope when the correct- 
ing glass is found near the same place. 

This reduction would only be necessary in the case where the 
correcting glass is further removed from the eye to be examined, 
and eapecially in the high degreea of ametropia, where a difference 
of some raillimetera in the focal distance of the lena will make a 
considerable difference in its refracting power. In this case we 
have only to remember that the focus of the correcting lens and 
the 2>unctum remotum. of the eye under examination coincide. 
Therefore, in order to find the real degree of the hyperraetropia 
we will have to aubtract from the focal diatance of the correcting 
lens the distance which separatea it from the cornea, or, if we 
wish to know the number of the glasses which the patient ahould 
wear at 13 millimeters from the cornea, we subtract from the 
fboal distance of the ophthalmoscopic correcting glass the distance 
which separatea it from a poiat 13 millimeters in front of the cornea. 
Thus, suppose that the ophthalmoscope is held at 25 millimeters 
from the cornea of the observed eye, and that No. + 8, whose 
focal distance is 125 millimeters, is required to see the fundus 
clearly by the erect method. Tlie punctum remotum, of thia eye 
is then found at 125 — 25 = 100 milUmetera behind the cornea ; 
the real hypermetropia ia therefore 10 D, and a correcting lena 
placed at 13 millimetera in front of the cornea will have to have a 
focal distance of 100 + 13 ^ 113 millimeters, which is 9 D. 
18 
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" When the emmetropic examiner has need of a concave lens in 
order to see the fundus of an eye, that eye is mi/opic; the 
luminoua raya which have been rendered parallel by the concave 
lena must have been convergent before reaching the lens, and have 
oome, therefore, from a myopic eye. These raya must have had 
auch a coavergence, too, as would bring them to a focua at the 
punetum remotum of that eye. The number of this concave 
lena givea, therefore, the degree of myopia of the examined eye, 
provided it is not held too far from it. If it ia found that the 
fandua of an eye can only be aeen distinctly with a No. 5 concave, 
that eye will have a myopia of 5 dioptriea. Ita punatum, remotum. 
should be at the focua of the lena, that ia, at 20 centimeters in 
front of the lens, or at 20 + 1.5 ^= 21.5 centimetera in front of 
the eye. The observer, by removing his eye to a diatanoe, can 
see with the ophthalmoacopic mirror alone, without any auxiliary 
lena, the inverted image of the fundus formed at this place. 

If the ophthalmoscope is held at a greater distance from the 
oOrnea, say at 25 millimeters, and it requires a No. 8 to see the 
fundus diatinctly, we know that the pmietum remotum of that 
eye ia to be found at 125 millimeters in front of the lens, ajid 
therefore at 125 + 25 := 150 mtlUmetera in front of the cornea, 
and the true degree of the myopia is ^^ =^ 6,5 D. The correct- 
■iiig glass, placed at 13 millimatera in front of the cornea, ought to 
have 150 — 13 = 137 millimeters focal distance, and, therefore, 
7 D refracting power. 

When the examiner ia not emmetropic, but ametropic, the 
correcting glass which ia required to aee the erect image dis- 
tinctly is evidently not the expression of the state of the refraction 
of the eye examined, because it does not render the raya coming 
from this eye parallel, but renders them convergent or divergent, ■ 
according as the observer ia hyperumtropic or myopia. We must 
then subtract the part which aervea to correct the ametropia of 
the examiner from the number of the glass found. Thus, a 
hypermetropia examiner who sees distinctly with a convex lens 
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Would not say that an eye had a hypermetropia equal to the 
number of the correcting lens, because a part of the refracting 
power of this lena serves to correct his own hypermetropia, and 
this part must be subtracted from the number of the correcting 
lens. 

The same holds true for the Ttiyopie examiner who sees dis- 
tinctly with a concave lens. A part of the refracting power of 
thia lens serves to correct his own ametropia, and must, conse- 
quently, be subtracted from the number of the correcting lens. 

But the determination of the refraction becomes as simple for 
the ametropic examiner as for the emmetropic when his ametropia 
is corrected. Many of our ametropic colleagues have adopted our 
suggestion to put in the central opening of the mirror the lens 
which corrects their ametropia. By doing this they are always 
in a state of emmetropia while making ophthalmoscopic examina- 
tions, and the lenses of the ophthalmoscope which are used to 
determine the refraction of the examined eye serve them as well 
as emmetropes. This was in the time of the old system of 
numbering glasses, when it was so inconvenient to subtract the 
fraction which represented their ametropia from that of the 
correcting lens. With the new system of numbering, however, 
thia calculation is so simple that it would be superfluous to put a 
1 correcting lens in the ophthalmoscope. 

3 the hypermetropia of the observer is 2 D. His refrac- 
tion is 2 dioptrics feebler than that of the emmetrope. From the 
correcting glass of which he has need to see the fundus of an eye 
under examiuation, it is always necessary to subtract the two 
positive dioptrics which serve to correct hia own hypermetropia. 
■ThOB, when our hypermetrope sees, with a convex No. 5, the 
fundus of an eye under examination, this eye has not a hyper- 
metropia of 5 D, because two of these 5 dioptries go to correct 
the hypermetropia of the examiner. The hypermetropia of this 
eye will, therefore, be only 5 — 2 = 3 D. 

If our hypermetrope sees witii + 2D, the eye examined muat 
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be emmetropic, oince 2 — 2 := 0, or, better expressed, because 
these two dioptries render hia eye emmetropic by completely 
correcting his ametropia, and the emmetrope sees the fiindM of 
another emmetropic eye distinctly, without the intervention of 
any glass, 

If the hypermetrope sees without any correctiag glass, then the 
examined eye has an excess of refraction equal to the ' lack of 
refraction in the examiner's eye. In the example we have taken 
the examined eye should have a myopia of 2 D, since — 2 = 

— 2. This would be the number of the correcting glass which 
an emmetrope would require to see the erect image in that eye, 
and is also the correcting lena of a myopia of 2 D. 

If the hypermetrope has need of a concave lens to see the 
fundus of an eye distinctly, then this eye has a higher degree of 
myopia than when the hypermetrope saw without a lens. Suppose 
our hypermetrope of 2 D is armed with a concave lens of 6 D. 
This lens increases his lack of refraction, and makes it = 8 
dioptries ; consequently the excess of refraction of the examined 
eye ^ 8 D, since, according to our calculation, — 6 + ( — 2) = 

— 8D. 

Let us take now a myopic examiner. Hia eye has an excess of 
refraction which can be compared to the addition of a convex lens 
to his dioptric apparatus. The correcting lena will, therefore, 
always be more feeble than is necessary to correct the ^e under 
examination. The number of dioptries which represent the excess 
of refraction of the examining myope must, therefore, be added 
,to the correcting lens, in order to obtain the refraction of the eye 
examined. If the examiner has M of 5 D, and he sees with a lens 
of + 1 D, the examined eye must be strongly hypermetropic, 
because the myopia of the examiner is already equal to a positive 
lens of 5 D, to which must be added yet another dioptry of the 
correcting lens. The hypermetropia of the examined eye must 
therefore be 5 + 1 = 6 D. 

If the myope of 5 dioptries sees without a glass, then the 
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examined eye has a hypermetropia of a degree equal to the 
myopia of the examiner, and the hypermetropia will be equal to 
5D. 

When the myope has need of a concave lens feebler than his 
myopia, the examined eye is hypermetropic still, because a part of 
the myopia of the examining eye is neutralized by the concave 
lens, but there yet remains an excess of refraction. For example, 
if our myope of 5 dioptries had need of — 3 dioptries to see the 
fundus of an eye by means of the erect image this eye should 
have a hypermetropia of 5 — 3 := 2 dioptries. 

If the myope sees distinctly with his correcting glasses, the 
examined eye is emmetropic, because the correcting lens renders 
the myopic eye emmetropic, 5 — 5 =^ 0, 

And if the concave lens, of which the myope has need in order 
to see the fundus of an eye in the upright image, is stronger than 
its myopia, then this eye is itaelf myopic, but not in a degree 
equal to the number of the correcting lena, because a portion of 
this lens serves to correct the myopia of the observer. In our 
example, an eye the fundus of which the myopic examiner sees 
in the upright image with — 8, has a myopia of 5 — 8 = — 3 
dioptries, because of the 8 dioptries 5 go to correct the myopia of 
the examiner. 
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LECTURE XXI. 



DETERMINATION OF ASTIGMATISM BY MEANS OP THE 
OPHTHALMOSCOPE. 

Gentlemen : — When two meridians of the eye have different 
refractions, each meridian givea rise to the same ophthalmoacopic 
appearances as an eye having that degree of refraction. The 
ophthalmoacopic image of such an eye would, therefore, differ in 
many particulars in the two unequal meridians. If, for example, 
the refraction ia stronger in the vertical than in the horizontal 
meridian, the examiner will have need of a stronger correcting 
glass in order to see distinctly the lateral, the upper, and lower 
borders of the optic disk. 

At the same time, the enlargement of the upright image will be 
more considerable in the vertical direction than in the horizontal; 
the disk will appear relatively elongated in its vertical diameter. 

The opposite takes place in the inverted image, and, as the 
enlargement of an inverted image is less for myopia than for 
hypermetropia, and less for hjfpermetropia of low degrees than for 
the higher, so objects seen through a leas refracting meridian 
furnish an inverted image larger than that formed by a more highly 
refracting meridian. Moreover, the size of the inverted image 
varies unequally in different diameters, according as the convex 
lens is approached to or removed from the eye. In removing 
or approaching, successively, the convex lens, the dimensions of 
the inverted image increase or diminish more rapidly in the more 
highly refracting meridian, and vice versa. 

Finally, the distance which separates the inverted image from 
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the lens will be greater in the image formed hy the meridian less 
refi'ingent than in that by the more highly refracting. 

Another characteristic of the astigmatic eye conaiats in the fact 
that external objecta form on the retina images more or less 
distinct, according to the meridian by which they are formed, a 
fact of which we can convince ourselves in an examination by the 
direct method, 

All these facta have their bearing in the determinatjoa of 
astigmatism by the ophthalmoscope. 

The presence of astigmatisyn ia revealed in the degree of sharp- 
ness of the different parts of the image in the direct examination ; 
if we see clearly, for example, the upper and lower borders of the 
disk and the horizontal retinal veaaels, while the lateral borders 
of the disk and the vertical vessels appear confused, then we can 
aaaert, with certainty, that astigmatism is present. Wbea the 
appearances change, that is, when the vertical vessels become 
distinct, and the horizontal are confused when an effort of the 
accommodation ia put forth, or on the employment of a stronger 
convex correcting lena or a weaker concave lens, then we know 
that the vertical meridian has a stronger curvature than the 
horizontal. 

Indeed, in looking through an astigmatic eye at the retinal 
vesaela which run in different directions, we are in the same 
conditions as when looking at a figure with radiating lines through 
a cylindrical lens. The Unes perpendicular to the meridian for 
which the eye of the observer ia adapted will appear distinct, the 
others indistinct, especially those which are parallel to the cor- 
rected meridian. When the adaptation ia changed the appear- 
ances change too. 

If the fundus of the eye had an object of a fixed form, if, for 
example, the diak was circular, then that form alone would suffice, 
in the erect image, to make the diagnosis of astigmatism. The 
diak would appear oval, with its long axis parallel to the meridian 
with the strongest curvature. 
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But, since the disk is frequently oval in s normal condition, and 
no portion of the eye has a constant form, the diagnosis of 
astigmatism b not always possible by meana of the upright image 
alone. Buit it is quite otherwise when we compare the erect and 
inverted images together. 

This is the most aatisiactory method for determining the 
existence of astigmatism ophthaitnoscopically. 

If we find, for example, that the form of the disk in the erect 
image is elongated vertically, and becomes round, or even oval, 
with its longaxis horizontal, in the inverted image, we then know 
that the dioptric apparatus is stronger in the vertical meridian 
than in the horizontal. A stronger refraction gives a greater 
enlargement in the erect image, a less enlargement in the inverted 
image. Other objects in the fuudua, such aa the retinal vessels, 
can also be taken as tests. 

Javal has proposed, for the rapid diagnosis of astigmatism, to 
employ the inverted image by varying rapidly the distance of the 
lens from the eye, still leaving, however, the ophthalmoscopic 
field larger than the size of the diak. If astigmatism ia present 
the disk will change its shape during this movement, and become 
elongated in opposite directions ait the two extremities of the ex- 
cursion of the lens. 

In all these experiments it is indispensable to hold the convex 
lens exactly perpendicular to the axis of the observed eye, because 
the least inchnation will give rise to an alteration in the form of 
the ophthalmoscopic image, and consequently to an 



A very elegant means of diagnosing astigmatism consists in 
observing on the fundus of the eye the image of a radiating figure 
which is interposed between the source of illumination and the 
mirror of the ophthalmoscope. Thus, in bringing four threads 
together, crossing at the centre in the form of a star, we can see 
on the fundus of the eye a shadow of that figure. If the eye is 
not astigmatic all the rays of the star will be equally distinct, 
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while in the case of astigmatism some will be more distinct than 
others. 

I will not dwell on the ophthalmoscopic methods for deter- 
mining the degree of astigmatism, since we will only rarely be 
called upon to make the determination in this manner. But I 
would recommend the employment of the ophthalmoscope in the 
diagnosis of astigmatism, since it is easy, and of great importance 
practically. • 
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LECTURE XXII. 



EXAMINATION OP THE FUNDUS IN DETAIL. 

Gentlemen: — We know now the conditions which must be 
fulfilled in order that we see the fundus of the eye, and even the 
enlargement under which it is seen. We must next take into 
consideration what it is we see in the fundus when we look at it 
through an ophthalmoscope. 

We will suppose the refracting media of the examined eye to 
be perfectly transparent, and the eye to be illuminated by means 
of the ophthalmoscope at a moderate distance. We now simply 
see the pupil to be of a bright and uniform red color, without 
being able to distinguish any distinct forms, except in the case of 
myopia of high degree, when we will see the inverted image in 
front of the eye. This red color is due to the blood which circu- 
lates in the vessels of the retina and choroid, especially the latter. 
By bringing our eye as near as possible to the eye under examina- 
tion, and bringing our refraction in accord with its refraction, we 
will see the papilla of the optic nerve and the retinal vessele, which 
come out at its centre and are distributed on the retinal surface. 

Toward the temporal side of the optic nerve we find the maeiUa 
lutea. The retina in a normal condition being transparent, we 
are enabled to see the pigmented epithelial layer back of it, whose 
dark tone, mixed with the red of the vessels of the choroid, 
produces the fundamental color of the background of the eye. 
When the pigment is not abundant, as in blonde individuals, we 
can distinguish perfectly the large vessels of the vascular layer o£ 
the choroid. 

In examining the fundus of the eye we direct our attention, in 
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the first place, to the papilla of the optic nerve, or optic disk, as 
it is moat frequently called. This aervea a,s a sort of point of 
departure for measurementa and for fixing the topography of the 
fundus, and in a number of cases it is itaelf the seat of patho- 
logical alterations of a very characteristic nature. 

In order to find the papilla of the optic nerve it is necessary to 
remember that in man the entrance of the optic nerve in the eye 
is found at aboat 15 degrees to the inner side and 3 degrees above 
the posterior pole of the globe of the eye. In order to bring the 
papilla in the visual line of the observer we cause the examined 
eye to be directed slightly upward and toward the nose. 

By placing ourselves in front of the patient we can obtain this 
position of the eye with certainty by causing the patient to look 
at our right ear, if it is the right eye that is under examination, 
and at the left ear if it is his left eye. 

Before our eye has been properly adapted to the eye under 
examination we see only a white and diffuse reflection in the red 
field. This white spot ia the papilla^ and it is to it that we should 
direct our attention, since it serves as a centre in making a 
topography of the fundus. 

The papilla has the form of a disk (Fig. 40), sometimes circular, 
but more frequently oval, with its long axis vertical; exception- 
ally the long diameter ia horizontal. 

The contour of the disk is not, however, always absolutely 
regular. The color of the surface is a light, clear pink, and 
frequently it is more pronounced on the inner half. A white 
ring ((,) generally surrounds the disk. This is called the scleral 
riTiff, and it is bounded, in its turn, by a black or deep brown 
line, the choroidal ring (p). 

The centre of the disk is slightly excavated, and forma a kind 
of funnel, from which we see the trunks of the retiiml vessels, the 
artery and vein, enter the eye. Each of the two vessels bifur- 
cates near the level of the retina. These vessels are very clearly 
outlined on the clear background of the disk, and are directed 
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toward the outer aide of the eye, distributing their brancliea over 
the whole extent of the retina. 

But, before following the vessels up to their peripheral tenni- 
nation, we must pay attention to some other parts which g^ve to 
the disk it« characteriBtic appearance. 

The optic nerve is enveloped by tioo sheaths, the internal 
(i i), more delicate, which adheres closely to it, and which is 
nothing more than a continuation of the pia mater ; the external 
(e e), much thicker, corresponding to the dura mater. The two 




sheaths are separated by a space called the inter-vagtTial space, 
which is in direct communication with the sub-arachnoidal space. 
The internal sheath gives origin to the connective tiaaue which 
envelopes the nervous fibres of the optic nerve. Near the globe 
of the eye the outer sheath spreads out and s^arates itaelf more 
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and more from the inner sheath, and for 
the aclerotic (S S), The inner aheath accompaniea the optic nerve 
still farther and spreads out suddenly, to form the inner layer of 
the aclerotic. A third part of this tissue adheres to the fibres of 
the optic nerve up aa far as the level of the choroid (Ch). The 
large transverse fibres bind this aheath of the optic nerve to the 
tunica adventitia of the retinal vessels, and thus forms the laynina 
eribrosa (I). Through the meshes of this pass the fibres of the 
optic nerve. Each of the fibres up to this point has had its aheath 
of myeline, which gives them their white and opaque appearance, 
but in passing through the lamina eribroaa they lose this aheath 
and retain nothing but their axis cylinders. They are then trans- 
parent, and are spread out on the retina {JJ J^ to form its inner 
layer, that of the nerve fibres. 

The nerve fibres which are directed toward the inner side of 
the retina are more numerous than those designed for the outer 
side, and they form a layer of greater thicliness at the border of 
the papilla. Nevertheless, this hardly passes the level of the 
retina, and ia thinner on the outer side than on the iuner. It 
is, therefore, inappropriate to call the optic nerve entrance the 
papilla, which presupposes a prominence. The nerve entrance is 
protuberant only when there exists a. neuritis with swelling of ita 
ocular extremity. 

The ophthalmoscopic examinatioQ shows us a section, as it were, 
of the optic nerve (Fig. 40), and the papilla ia seen aa a round 
disk, because the optic nerve is round; but it more frequently 
appears oval than circular, because the optic nerve and papilla 
ai'e inserted aidewaya into the eye, and we aee it more or leas ob- 
liquely, and consequently it is shortened in its horizontal diameter. 
In other casea this oval form ia due to a real irregularity of the 
optic nerve, or to an irregularity in the dioptric media, notably in 
astigmatiam, which produces greater enlargement in one direction 
than in another. 

The pink color of the diak is a mixture of the white of the con- 
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nective tissue of the lamina oriirosa, and the sheaths of the optic 
nerve fibres, the red of the blood which circulatea in the capil- 
laries, and the color of the axia-cylinders, which, although trans- 
parent, have, nevertheless, a slightly greenish or bluish tint. In 
ordinary conditions we find in the color of the disk a good deal of 
yellow and orange. This yellow is due to the artificial light with 
which we illuminate the fundus. In examination by day, with 
the white light of the aun, we can see but little yellow in the 
color of the disk. It ia very interesting to make an examination 
by daylight, and see the difference of coloration of the fundus in 
the two lights. 

As a proof that the white of the disk is due to the conneelave 
tisBue and the red to the capillaries, I will cite the atrophy of the 
optic nerve, characterized microscopically by the absence of vessels, 
the disappearance of the axis cylinders and hypertrophy of the 
connective tissue, and ophthalmoscopicatly by a pure, brilliant 
white of the disk. 

The inner part of the optic nerve, as we have said, is richer in 
nerve fibres than the outer part. Sometimes, with a high magni- 
fying power, we can see on the outer part of the disk small, 
gray patches. They are especially noticeable at the beginning of 
atrophy of the optic nerve, and represent sections of the bundles 
of the nerve fibres around which the tissue of the lamina eribTOsa 
forma lozenge-ahaped figures, and which are visible for the reason 
that they are covered only by a few nervous fibres, either because 
the fibres are physiologically thinner or more transparent, or 
because they have disappeared through some morbid process. 

There is another factor which has a considerable influence on 
the color of the disk, and that is the coloration of the fundus of 
the eye which surrounds it. If this last is very light, at in 
blondes, the papilla appears redder ; if, on the contrary, the choroid 
is highly pigmented, and the fundus of a deeper tint, the disk 
will appear lighter. It ia important to bear ia mind the influence 
of this contrast, in order to avoid the mistake of supposing that in 
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tlie first instance \ 
second a beginning atrophy. 

The tendino'ua or scleral ring which we see with the ophthalmo- 
scope 18 the interna! sheath of the optic nerve which ia prolonged up 
to the choroid. It is larger in proportion as the perforation for the 
choroid is larger, or, in other words, aa it is less covered by the 
pigment of the choroid. It is tlia pigment surrounding the 
tendinous ring that constitutes, when sufGciently thick, the pig- 
mentary rinff of the papilla. It may form a complete ring, or 
only a crescent, which is situated, in the large majority of cases, 
on the outer side of the disk. It may even be absent in eyes 
poor in pigment. 

The vessels which we see emerge from the centre of the disk 
sometimes bifurcate in the lamina cribrosa. We then see two 
arterial and two venous trunks come from the disk. Most fre- 
quently this bifurcation takes place on the surface of the disk 
itself. In this latter case we see the common trunk of the vessels 
before its bifurcation. 

One of the two principal branches of the artery and the vein is 
directed upward, the other downward, to run thence toward the 
periphery, describing an arc around the macula. In their course 
these trunks give off branches which are distributed to all parts 
of the retina. 

So long aa the vessels have the same direction aa the optic 
nerve, they appear, like the surface of the disk, aa if cut trans- 
versely, and on this account appear of a deeper color and aome- 
timea irregularly dilated. After they are distributed on the plane 
of Ae retina, it is easy to distinguish the arteries from the veins. 
The arteriea as well aa their branches are thinner, lighter in color, 
and straighter than the veins, which are darker in color, larger, 
and more or leaa sinuous in their course. 

We find, moreover, running along the centre of the arteries, a 
light, luminous line. This ia due to a reflection of the light of 
the ophthalmoHcopic mirror from the tense, cylindrical walls of 
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the arteries. This reflection follows the movementa of the ophthal- 
tUMcope. It is less marked on the veina which are leas tenae, and 
coiiaequeatly flatter. 

The veins ofl'er again, 7ery frequently, another characteristic 
phenomenon, namely, pulsation. We eee this pubatioa in the 
larger truuka of the retinal veins (near the disk), never in the 
smaller branches. It consists in a rhythmical dilatation and 
collapse of the vessel, aynchronona with the contraction of 
heart. This is explained as follows : — 

During the systole of the heart there is a diastole of the arter» 
which are filled with blood. At thia moment the arterial 
is evidently increased. Thia increase of pressure is communicated 
to the vitreous humor, which is not compressible, enclosed, aa it is, 
in a very slightly elastic case, the sclerotic. It is, therefore, the 
veins, and especially the larger trunks, which offer the least 
resistance, and which feel most the increase of the intraocular 
tension. The farther the blood has gone on its course the more 
its pressure diminishes. It is at the moment that they pass out 
fix)m the eye that the tension of the retinal veins is the most 
feeble. The diastole of the arteries is, therefore, accompanied by 
a compression of the veins, wtich is propagated from the papilla 
toward the periphery of the retina. 

This compression being made at the point of emergence of the 
veins, they are rendered in that part of their course almost fili- 
form, and the flow of blood is accelerated toward the optic nerve. 

But the afflux of blood by the capillaries not being arrested, the 
veins fill themselves more and more, and their tension increases 
up to such a point that the obstacle which the intraocular tension 
opposes to the exit of blood is overcome. This is accomplished 
much more quickly than the tension of the vitreous body diminishea 
at the approach of the systole of the arteries. The venous polaa- 
tion is not, therefore, a true pulsation, but rather a passive dila- 
tation. This phenomenon is especially marked when we increase 
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artificially fhe intraocular pressure hy preaaing lightly on the eye 
with the tip of the finger. 

The puLaation of the arteries is not visible in a normal condition. 
It only becomes so when the intraocular pressure ia considerably 
increased, as is the case when we preaa on the eye with the finger. 

We have a very marked venous pulsation, accompanied nearly 
always with arterial pulsation, in glaucoma, which, as you know, 
is characterized by an increase of the intraocular tension. A true 
venous pulse ia produced by the regurgitation of the blood accom- 
panying hisuffUAeny of the tricTispid valve. 

Insufficiency of the aortic valves, and the mitral valve, with or 
without hypertrophy of the left ventricle, is accompanied by a 
spontaneous pulsation of the retinal arteries. A very strong spon- 
taneous pulsation of the arteries and veins is found in Basedow's 
disease. 

The true pulsation, as we find it in the cases mentioned, differs 
from the pulsation caused by the increase of the intraocular tension 
(glaucoma), in this, that the rhythmic contractions of the arteries 
in the first case are transmitted throughout the whole trunk of the 
artery, while in glaucoma the alteration in the diameter of the 
vessels is aeen hardly beyond the edge of the disk. 

After the optic nerve, we examine the retina. It is so trans- 
parent that we are seldom able to see it in a normal condition ; it 
is only under weak illumination that we can aee it as a grayish or 
greenish veil in the thicker parte near the disk, or along the larger 
vessels. We can sometimes distinguish the very fine strife which 
correspond to the nerve fibres. 

The moat important part of the retina is the macula. Anatomi- 
cally it ia represented by a slight depression in the retina, of a 
reddiah-brown tint, with oval borders. It can be easily distin- 
guished. 

The macula corresponds to the posterior pole of the eye, and ia 
the place of most distinct vision. 

We have, therefore, theoretically, only to require the patient to 
19 
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look into the centre of the ophthalmoscopic mirror, in order to he 
certain that we are looking directly at the macula- This, however, 
is attended with many inconTeniencea. 

In the firat place, the light is dazzling when it falls on an; 
portion of the retina except the optic nerve (which is inaensihle 
light), but particularly so when it fella on the region of the 
macula. The result is that the pupil is strongly contracted, and 
the ophthalmoscopic field consequently very much restricted. In 
the second place, the reflections from the cornea and crystalline 
lens are very annoying to the ohserver, because they are now jui 
a,t the apices of the surfaces through which he looks. 

We can more easily see the macula in the inverted image thi 
in the upright. I cause the patient to look, not at the reflection 
the lamp, but at the right aide of ray forehead in examination 
the right eye, and the left half in examination of the left eye. I 
afterwards place the convex lens in such a way as to see, through 
its centre, the outer border of the papilla. Then, by moving tha 
lana slightly to the outer side, the image of the macula follows 
movement of the lena, and I can see it free from the cornt 
reflections, because these are displaced in an opposite directi< 
from that in which the lena moves. 

The macula can present many different appearancea 
condition. Generally, it forma an oval with its long axis horizontal, 
This oval ia bounded by a bright line, sometimes glistening, which, 
probably, is due to the reflection which the light undergoes at the, 
border of the excavation of the macula. The bottom of this 
dim, and of a much deeper red than that of tbe fundus generally. 
In aome instances it is even brown or deep gray. 

At the centre of the macula, which correaponda to tbe centi 
depreaaion, we find a point of intense redneaa, almost black. Wt 
find this especially in young individuals, and those whose eyes 
strongly pigmented. Sometimes the bright line of which we have 
just spoken does not deaeribe a complete oval, and the macula may 
be brighter, yet the dark point in the centre is hardly ever 
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absent. In other cases we see only traces of this image, and the 
macula is only to be diatingaiahed by the absence of retinal vessels. 

Tou mu3t never neglect to examine the macula attentively. It 
is often the seat of a number of affections — ^hypertrophy or atrophy 
of the pigment, exudations, hemorrhages, etc. — which affect the 
vision considerably. These alterations will escape those who limit 
their opthalraoscopic examination to the disk. 

After we have examined the disk and macula, we direct our 
attention to the parts of the/undus surrounding them. We have 
alr^,dy said that these parts are, in general, a darkish-red color, 
which is more or leas uniform. 

This coloration is due, in part, to the layer o^ pigmented epithe- 
lium of the retina, and, in part, to the vasaular layer of the choroid. 
Babind the transparent part of the retina ia a thia layer, formed 
of quite regular hexagonal cells and filled with pigment. It ia this 
pigmentary layer of the retina which gives to tbe bottom of the 
eye ita more or less dark and granular appearance. 

Behind the epithelial layer of the retina is the choroid. It is, as 
you know, the vascular membrane of the eye. Its stroma is pig- 
mented, and we can easily distinguish a capillary layer nearer the 
retina, and a deeper layer which contains the large vessels. 

It is mainly the vessels of the choroid which give the fundus ita 
red color, modified by the blackiah brown of the pigment cells. 
The richer these latter are in pigment the more they will hide 
tlie vascular layers and the darker tbe fundus will be, as we find 
it in those individuals and races which are strong in pigment. 

If, on the contrary, the cells are poor in pigment, as istbe case 
in blondes, then the red color predominates, and may even become 
bright red, and we are theli able to see distinctly, here and there, 
the capillary vessels through the granulated brown of the 
epithehal pigmentary layer. Albinos, finally, in whom the 
pigment is totally absent, are very excellent subjects on whom to 
study the vascular system of the eye. We can distinguish per- 
fectly in these the arteries and veins of the retina and the 
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capillariea and large veins of the choroid. We should mention, 
ia paaeing, that it is on account of the enlargement produced by 
the dioptric media of the eye that we are able to distinguish tW 
capillary vessels. They are seldom visible to the nicked eye. 

We examine the fondas of the eye, going from its centre in aU 
directions ap to the extremest limits at which we are able to 
illominate it. We can do this either by making the patient look 
in varioos directions, or by chan^ng oar own position, or, better 
still, by a combination of the two methods. 

As many serions affections begin at the periphery of the 
fondns, it ia very important to explore the eye throughoat ita 
whole extent. It thus becomes possible to diagnose diseases in 
their indpiency, and even to anticipate them before other symp- 
toms are manifest. Thus, rhinitis pigmentosa and t^roidUis 
diaseminata first manifeat themselves, in the majority of cases, 
the periphery of the fundus. Detachment of the retina, hemor- 
rhages or serous exudations, and foreign bodies which have peni 
Irated into the interior of the eye, are more frequently seen at 
periphery than at the centre of the fundus. 

Only, we must always remember the portion of the retina or 
the globe of the eye which corresponds to the part examined. 
This is not always an easy matter when we come close to the 
periphery. There ia no longer a point from which to mark ootj 
position. The vessels are distributed in a rather irregular m, 
and there are only two things which can serve to guide as : 1st, 
the direction in which we look into the eye ; 2d, the estimation of 
the distance which separates the point examined from the papilla. 

We can easily know the direction in which we look into an eye 
if we use a simple ophthalmoscope, but if we employ an ophthalmo- 
scope set in a tube we cannot tell in what direction the observi 
eye is looking. 

To estimate the distance between the point under examinatii 
and the disk we take the latter as a point of departure, and sayj 
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for example, a retinal hemorrhage is seen at two disk diameters 
from the inner edge of the disk, etc. 

By neglecting to estimate this distance we are liable to fall into 
serious errors in regard to the real position of the point examined, 
which may lead to disastrous consequences. Such is the case 
where we have to search for a foreign body which has penetrated 
the eye, or when we have to determine if a certain part of the 
retina has given rise to a scotoma whose existence has been 
demonstrated on the perimeter. 
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LECTURE XXni. 



DIFFERENT FORMS OP THE OPHTHALMOSCOPBJ 

Gektlemek : — We have seen that the easential part of 

ophthalmoscope is the mirror, either semi-transparent, or with 
a central perforation ; that examination by the erect method 
requires a certain number of correcting lenses in order to adapt 
our eye to the eye under examination, and that in order to prodi 
the inverted image we must, in the majority of cases, oae a atrc 
convex lena. A complete ophthalmoscope, therefore, is compc 
of a mirror, correcting lenses, and one or more strong convex 
lenses. We shall now examine the different forms which have 
been given to these three parts of the instrument, and the varioi 
methods of combining them. 

All forms of mirrors have been used in ophthalmoscopy, the 
plane mirror, the concave, the convex, the prismatic, and mirrors 
made by silvering one surface of a lena or meniscus. Plane 
mirrors have been used which reflect a part of the light and alli 
another part to pass through, as, for example, those made of plal 
of plane glass superposed, or of gilded glass, which reflect 
or less of the light, when inclined to a certain degree, and yet 
remain transparent. For this purpose, as well as for convex and 
concave mirrors, silvered glass, with the silvering rubbed off in 
the centre, or perforated, have also been used ; finally, they may 
be made of polished metal with a central perforation. All these 
various forms can be used with advantage. 

Helmholtz, in his ophthalmoscope, has used as a mirror a 
number of plates of plane glass superposed. By inclining them 
at a certain angle toward the source of illumination, he obtains a 
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polarized light and diminishea very considerably the reflections 
produced by the cornea and lens of the examined eye. This first 
ophthalmoscope has beea furnished with five correcting lenses, 
which, being mounted on a disk eccentric in relation to the axis of 
the instrument, can be brought successively behind the mirror 
and in frtint of the eye of the observer. 

It is a disk similar to this (whicli is called, after the name of the 
inventor, the disk of Rekosa) which we use at present to hold the 
correcting lenses. 

The superposed plates of glass are not now generally used as a 
reflector, because it has been found that, with a little practice, it 
is easy to get rid of embarrassing reflections from the observed 
eye. Eut the plane mirror still remains the best we can use for 
many examinations. A plane mirror of silvered glass, or of 
metal, is to be preferred to the glass plates, because it is not so 
heavy and gives somewhat more light. The illumination which is 
obtained by means of an oil lamp and a plane mirror i& much 
aofter th<in the reflection from a concave mirror. The plane 
mirror is therefore used whenever the examined eye is very 
sensitive to light, and particularly for the examination of the erect 
image. A great advantage is thus gained by avoiding the con- 
traction of the pupil, and the consequent narrowing of the ophthal- 
moscopic field. A plane mirror is, therefore, indispensable to a 
complete ophthalmoscope. 

The perforation in the mirror should not be too amall, as other- 
wise it will act as a stenopa'ic hole, and in this way hinder the 
exact determination of the refraction. Neither should it be too 
large, because it will then intercept too great a portion of the light, 
and thus diminish the illumination. It should be, at least, three 
millimeters in diameter, and may be, without inconvenience, four. 

Convex mirrors are never used alone in the construction of an 
ophthalmoscope. They are sometimes combined, as is also the 
plane mirror, with a convex lens, which concentrates tlie light on 
the mirror and in this way increases the illumination. 
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The only ophthalmoscope using the convex mirror is that of 
Zehender. This consists of a convex mirror of 16 centimeters 
radius of curvature, with a funnel-shaped perforation at its centre. 
At the sides of the mirror are two flexible arms, one of which 
holds the correcting glass while the other carries a convex lens of 
13 dioptries, having about the same diameter as the mirror. 

The observer gives to this lens such an inclination that it 
concentrates the light from the lamp at the side of the patient on 
the mirror. The arm holding this lens is adjusted to the side 
of the mirror next to the light, to the right or left, as the case 
may be. 

Coccius and Follin have each combined, in a similar manner, a 
convex lens with a plane mirror. 

This method of illumination is not very common, since we have 
a much better means of increasing the illumination in cases where 
the plane mirror does not suffice, by the use of the concave mirror. 

The concave mirror gives a greater illumination than the plane 
mirror, because it concentrates the light, and is for this reason 
most generally employed. 

The preferable focal distance is about twenty centimeters, and 
the diameter of the mirror should be from 25 to 30 millimeters. 
It is of no advantage to have it larger. It is not a matter of 
consequence whether it be made of glass or polished metal. If 
glass is used we strongly recommend that it be perforated, and 
that the edges of the perforation be blackened ; simple removal of 
the silvering at the centre is not so good, the reflection from the 
posterior surface of the glass being a decided disadvantage. 

It is of great advantage to have the mirror mounted on a long 
handle. The manipulation of the instrument is thus rendered 
much easier than when the handle is short. 

In regard to the correcting lenses, as we have said, the disk of 
Rekoss, employed by Helmholtz, has remained the most convenient 
form which we can use. The advantage of this is that it enables 
us to rapidly change the correcting glasses. One inconvenience, 
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liowever, attending it, is that it is generally applied parallel to the 
mirror, and therefore the glasses have the oblique direction which 
we have to give the mirror when we reflect the light into the 
eye, and in thus looking obliquely through it it acts, in a sense, 
as a cylindrical lens. This is an objection which is often made 
against this disk, but I have found that the error which results 
from this position of the lens is so small as to be very properly 
neglected. It is only necessary to place the lamp, not so much to 
the side of the patient as a little behind him, in such a manner as 
will not require any great inclination of the mirror. 

The great disadvantage of the disk of Rekoas and of those made 
since his is that they do not contain a sufficient number of lenses. 
Although with six different numbers and the assistance of the 
accommodation we can, in the majority of cases, see distinctly in 
the erect method, we are, nevertheless, debarred from one of the 
greatest advantages of ophthalmoscopy, the determination of the 
refraction. 

It is for this reason that the diameter of Bekcraa' disk has been 
very much increased and the diameter of the lenses diminished, 
so that there have been 25 lenses put in a disk of 31 millimeters 
diameter. The inconveniences of this large disk are that it makes 
the instrument very heavy, and the small lenses are difficult to 
clean, and besides, 12 concave and 12 convex lenses are not 
enough. 

In order to overcome these inconveniences Loring had added to 
his ophthalmoscope three disks which can be introduced suc- 
cessively, and his instrument remained for a long time one of the 
most nearly perfect ophthalmoscopes we had. However, the 
replacing of the disks was inconvenient ; it necessitated a loss of 
time ; and since the introduction of the metrical system has 
rendered the combination of lenses much easier, we have had 
recourse, for the purpose of increasing the number of correcting 
loDBes, to a very simple means. We combine the lenses by super- 
posing them. We superpose two disks, each of which contains a 
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certain namber of leases. These two disks move independfently 
of each other, and we can thus combine all the lens^ of one disk 
with each lens of the other separately. 

In this manner we obtain in a. limited apace a very long serif 
of □ ambers. 

There should be at least two convex lenses which are to be osed 
in the production of the inverted image, one, No, 15 D, for the 
lower magnifying power, the other, No. 10 D, for the higher. 

The concave mirror was introduced into practice by Jager, 
Vienna. The ophthalmoacope of Jager consists of a very shoi 
cylindrical tube, cut obliquely at one of its extremities, at aboi 
an angle of 60°, This end is directed toward the eye to 
examined, and has a plane or concave mirror, while the opposite 
end, or that turned toward the observer, receives the correcting 
glasses. The advantage of this form of ophthalmoscope is that it 
allows ns to incline the mirror independently of the correcting 
glasses, so that the observer always looks through the lenses in 
the direction of their axes, and thus avoids the apparent astigmj 
tiam which results from their inclination. This influence of tl 
inclination of the glasses is, however, not very great, if the pra' 
cautions we have indicated be; taken. 

On the other hand, the ophthalmoscope of Jager does not alloi 
us to approach as near to the eye to ba examined as the ordin; 
ophthalmoscopes do. 

Latterly, a student of Jager, Professor Schnabel, of Innspruck, 
has combined with Jager's ophthalmoscope a naraber of disks 
containing correcting lenses which can be successively introduced 
into the instrument, as in loring's ophtbalmoscopa. He has, 
moreover, added to the instrument the first mirror of Helmholtz, 
consisting of two thin plates of glass. 

Liebreich, whoso instrument with the concave mirror is m< 
extensively employed, has attempted to render it available 
demonstration. To this end he has taken away the handle of the 
mirror, and has placed the mirror and the convex lens used in 
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the inverted image in a tuba blackened in ita interior. The whole 
ia fixed on a stand which makes it permanent when it is once 
adapted. It has also a cbin-reat, on which the head of the 
examines is supported, and a flexible arm, which carriea a small 
ball of ivory, serving as an object of fixation for the eye under 
examination. 

Galezowski has endeavored to utilize this inatrument in practice 
by doing away with the accessory apparatus, retaining only the 
tube which ia held in the hand. The uaefulneaa of these ophthal- 
moscopea for demonstration ia very problematical, and their 
application to practice ia not to b« recommended, because they 
deprive ua of the great advantages of the examination by the 
upright image (greater enlargement and determination of the 
refraction); and furthermore, we never know in what direction 
the examined eye ia looking. 

It would be idle to enumerate the names of all those who have 
used the concave mirror for the construction of varioas kinds of 
ophthalmoacopes. Since ita introduction into practice the concave 
mirror has undergone a number of minor alterations in form. It 
has been diminished in size and increased beyond measure ; the 
handle has been discarded or replaced by the cover of the case 
which encloses both the mirror and the correcting lenses 
(Monoyer), or by a very small handle, etc. 

I show you here an ophthalmoscope which I have myself 
constructed, and which unites all the conditions which I have 
mentioned, as being the best for practical purposes. 

The mirror is concave ; it has a focal distance of 20 centimeters 
and a diameter of 28 millimeters. It has a central perforation of 
at least three millimeters diameter ; its handle has a length of 
about 12 ceutimetera, making the manipulation of the instrument 
very easy. 

For the determination of the refraction this ophthalmoscope 
has two disks of the size indicated in Fig. 41, A and B. They 
are superposed on the instrument behind the mirror and revolve 
about the same centre. 
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The disk A contains six convex metrical lenses (Nos. -f 0.5, 1, 
1.5, 2, 2.5, 3) and a free opening, o. 

The disk B contains two convex lenses (-f 3.5 and + 7), three 
concave ( — 3.5, — 7, — 10.5) and a free opening, o. 



Fig. 41. 





In making the disks turn about their centres we can put all 
the lenses of each disk, as well as all possible combinations of the 
two behind the opening in the ophthalmoscopic mirror. 

By placing behind the opening in the mirror the free opening 
of the disk B, and turning the disk A, we have passing in suc- 
cession behind the opening the following numbers of convex 
lenses : — 

0. 
+ 0.5 
+ 1. 
+ 1.5 
+ 2. 
-f 2.5 
+ 3. 

If we now bring No. + 3.5 of the disk B behind the opening 

in the mirror and again turn the disk A, we obtain the following 

combination : — 

+ 3.5 = 3.5 
0.5 + 3.5 = 4 
1. -f 3.5 = 4.5 
1.5 + 3.5 = 5. 
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2 + 3.5 = 5.5 
2.6 + 3.5 = 6. 
3. + 3.5 = 6.5. 

By placing No. + 7 of B behind the opening and again turning 
A, we produce — 

0. +7 = 7 
0.5 4- 7 = 7.5 
1 +7 = 8 
1.5 + 7 = 8.5 
2+7 = 9. 
2.5 + 7 = 9.5 

3 + 7 = 10. 

We have now obtained, not counting zero, a series of 20 
numbers of convexes (from 0.5 to 10 D) which corresponds to a 
series from No. 80 to No. 4 in the old system, all separated by 
an interval of one-half dioptry (-^ old system). 

To obtain the concave lenses we place the lens — 3.5 of the 
disk B behind the opening, and turning the disk A we obtain — 



.3 


— 3.5 — 


— 0.5 


2.5 


— 3.6 = 


— 1. 


2. 


— 3.5 = 


— 1.5 


1.5 


— 3.5 = 


— 2 


1. 


— 3.5 = 


— 2.5 


0.5 


— 3.5 = 


— 3. 





— 3.5 = 


— 3.5 



A combination of the lenses of the disk A with the No. — 7 of 
B gives — 

3 — 7 = — 4 
2.5 — 7 = — 4.5 
2 — 7 = — 5 
1.5 — 7 = — 5.5 
1. —7 = — 6. 
0.6 — 7 = — 6.5 
0. —7 = — 7. 
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Fioally, No. — 10.5 of disk B combined with the lenses of disk 
A, gives the following numbers ; — 



3 — 10.5 = — 7.5 
2.5 — 10.5 = — 8 
2 — 10.5 = — 8.5 
1.5 — 10.5 = — 9 
1 — 10.5 = — 9.5 
0.5 — 10.5 = — 10 
— 10.5 = — 10.5 
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We thus obtain a second series of 21 concave numbers from 
0.5 to 10.5 (No. 80 to No. 3f of tbe old eyatem) ah 
l)y a common interval of 0.5 D. 

Ft". ". Our ophthalmoscope, tterefoi 

furnishes ua with 42 different 
hers of dioptrles, without haviqi 
to shift the disks, and haa Iar( 
lenses and a smaller disk than asj 
other refraction ophthalmoscope. 
Our lenses have a diameter of 1 
centimeter, which allows of their 
being cleaned easily, and possesses 
the great advantage, also, that it 
allows them to be used for 
subjective determination of the 
fraction and acuteneas of vision, 
We have only to remove the mir- 
ror, and tbe instrument becomes 
an optometer, with which we can 
find the number of glass neces- 
sary for the correction of ametropia, as well as with tlie lenses in 
our trial cases. 

A suitable mechanism discloses the number which results from 
any combination, so that there is never any need to make a calcula- 
tion. I Fig. 42.) 
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This is a great advantage which my ophthalmoscope baa over the 
others which have been constructed on the same principle. In 
these it is always necessary to add or subtract the two numbers of 
the combination, which causes loss of time, and is a frequent source 
of error. 

The correcting lenses are piano- spherical, with their plane sur- 
faces applied to each other. 

The numbers from to 10 dioptriea, convexes, and from to 
10.5 concave, are sufficient for the determination of the refraction 
by means of the ophthalmoscope. We have need, sometimes, how- 
ever, for stronger lenses in the determination of the acuteness 
of vision. We have, for this reason, added a concave No. 10 
mounted on disk the same size as the mirror. This disk can bo 
introduced in the place of the mirror, in the subjective examination 
of the acutene.ss of vision. 

By turning the disks we are able to increase, at will, the power 
of this lens, and the result is always easy to calculate, since we 
have only to add the number read off on the ophthalmoscope to 10, 
We can in this way continue the aeries up to No, 20.5 (1,9 0. S.}. 

It is the same for the convex lenaes : the positive lenaea which 
we use in the production of the inverted image can be used in deter- 
mining th6 acuteness of vision, and in the subjective determination 
of the refraction. We have only to introduce them sepai^ately in 
the place of the mirror. Thus No, -I- 10 added to the numbers 
contained in the instrument completes the seriea of numbers from 
convex 10 to 20 D. We thus double the number of our lenses, 
and while my ophthalmoscope gives 42 numbers for the ophthalmo- 
scopic determination of refraction, it gives 84 for the subjective 
optotnetric determination. 

The instrument can also be used for the determination of astig- 
matism by means of a stenopaic slit in a disk of the same size as 
the mirror. This is introduced in the place of the mirror. We 
can give it any desired inclination, and the degree of inclination to 
the vertical is read off on the surface of the disk. 
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Recently I have modified the mochanism by leaving off one of 
the points of the disk A, and adding am'vll huttoas to the diakB. 

When the disk A has made one turn, the finger which moves it 
no longer finds the stem, and it is thus warned to take one of 
the buttons of the disk B to continue the rotation. When one 
rotation of the disk A is made, it should stop until the disk B 
is moved up one glass, else we will go back to the number we 
began with. 

It is thus possible to make all the series of convex lenses from U 
to 10 D pass in front of the perforation in the mirror without 
removing the ophthalmoscope from the eye. On the other hand, 
by placing back of the opening in the mirror one of the concave 
lenses of the disk B we obtain, by pushing the points from below 
upward, the whole series of concave glasses without having to 
trouble with the hook of the disk B. 

The principle of combining lenses in order to increase the 
number of glasses, has been used by a number of oculists, among 
others by Knapp, Loriog, Wecker and Purvea, but it is only since 
the introduction of the system of dioptrics that it has become 
really practicable.* 




* Dr. E. G. Loring, of New York, has deviaed ft metrical ophlhalmoacope whii 
difibra from that of Dr. Landolt in many important pftrticulars. 
a single disk and a segment of another disk. The single diak contains 16 glaeses, 
from 1 to 7 D plus, and from 1 lo S minus, with an interval of I D, which Dr. 
Loring eonaidera sufficient for all ordinary purposes. If, however, highi 
bers are desired, or smaller intecvala (0,5 D), these are obtained by 
quadrant, which containB four glasses, + 16 D, — 1« D, and + 0.5 D, and 
0.5 D, which can bo brought round and applied over the glass of the disk 
the hole in the mirror. Thus, with the superponition of a ningU glass (-(- 16 
— 16), and with an uninterrupted rotation, a series is obtained of successive diop- 
trics from 1 to 23 plus, and from 1 to 24 minus, and a half aeries with the addition 
of the 0.5 D from 0.5 to 8 plus, and from 0.5 to 9 minus, or 65 glasses in all. The 
value of the glasses and the combinations is read off on the disb by a method 
peculiar to the instrument. This consists in 'having two (.■ontentric rows of figure, 
the outer of which shows the reoi value of the glass, and the inner the result of the 
combination when the supplementary glass is over the hole of the mirror. An^ 
the plus glasses arc in mliite and the minus in red, and as the outer row is shut 
when the inner is opened, no possible confusion can occur. Should the combii 
tion not be wanted, ft trifling displacement of the quadrant to either side of 
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There are two ophthalmoscopes having peculiar interest, one 
■ because it enables us to looU at the fundus with both our eyes, the 




binocular ophthalmoacope of Giraud-Teulon, the other because it 



mirror hole at once dlasolTes it, and tlie instrument becomes a simple single disk 
ophlhfllnioscope. 

Tlie mirror of the instrument ia Dr. Loring's " tilting" mirror, which is a modi- 
fication of the old mirror obtained by cutting off the sides of the ordinary concave 
mirror, producing thereby a parallelogram 18 mm. in diameter, and 34 in length. 
The idea waa suggeated by Dr. WadBWorlh's small circular mirror. Unlike this, 
however, it is designed for both the upright and inverted image, thus obviating a 
change of mirrors, it being found that abundant light is obtained for both methods. 
The mirror is swung on pivots which allows a tilling to either side of about 2.5 
degrees. By this means the inclination of the correcting lenses is avoided, by 
which a large quantity of light is saved, and the image rendered free from distor- 
tion. The author conaiders thia an indispensable at^unct to the instrument for 
Ihoae who desire to make accurate and eaay examination by the upright method. 
For a fuiler description, see the Traiuaetiona of the Amerieaa Ophtlialmohgiait 
Sociity, 1878.— Tk. 
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enables two or more observers to look at the fundus at the f 
time, the demonstration ophthalmoscope of Sichel. 

The ophthalmoscope of Giratid-Teulon is baaed on the aame prM 
ciple aa the binocular raicroacope of Nachet. Its purpose is ( 
obtain for each eye a different image of the fundus of the eyt 
observed, so aa to produce a stereoscopic effect. 

A glass concave mirror M M (Fig. 43), of about 45 milUmetert 
diameter, serves aa a reflector. The silvering ia removed at the 
centre, over an extent of 5.5 millimeters diameter. At the centre 
of this opening two glass prisms, abed and a' b' c* d' touch eacli^ 
other. The angles bad and b' a' d', and also the angles bed ana 
b' c' d' are about 45°, so that the raya which fall as Dormala or undai 
very small angles on b b' undergo in each prism two total refle( 
tions, from a d toward b c, and from b o toward A, out of the prisid 
into the eye of the observer. The same occurs on the other aide..! 

Let X be an object and A A' the eyes of the observer; each ey( 
receives an image of part of x, as shown in Fig. 43, and these twi 
images will show a greater difference, the larger the angle oxo' i 
that ia, the closer the object is approached to the mirror, and tha 
larger the central opening. 

In order to adapt the instrument to the distance between thi| 
eyes of each observer, one of the prisms is divided, and its oute 
half can be approximated to, or removed from, the other, accordinj 
to the distance which separates the two eyes. For the purpose o 
regulating the adaptation and the convergence, two small prism 
(p p) are piaced behind the openings in the ocular. 

By placing behind the opening in the mirror one of the conveJ 
lenses enclosed in the groove 0, and in front of the oculara, the 
concave lenses r and r', we add to the ophthalmoscope a kind of 
Grallilean telescope, and increase the magnifying power constdec 
ably. 

This instrument hae the advantage of showing the fundus c 
the eye in relief, and thus allows us to appreciate exactly anjj 
1 the level of the background. 
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The ophthalmoscope of Sichel (Fig. 44) ie designed to show to a 
number of observers at onoe the image of the fandua. It is 
composed of a concave mirror M M, of 35 centimeters focal 
diataflce, to which is adapted a metallic case on which it can be 




moved in different directions. This case has a perforation of about 
1 centimeter diameter through both walls in its centre, in the same 
axis with the perforation in the mirror. The form of the opening 
in the mirror is oval in its transverse axis. In the interior of the 
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case there is a rectangular prism whose hypotbeDose is placed at 

an angle of about 45° to the axis of the case. 

The plane corresponding to one of the sides of the right angle 
of the prism is brought up bo as to occupy two-thirds of the 
opening in the mirror, leaving the other third free. One end of 
the case ia closed, the other open. The latter is provided with an 
ocular in which correcting glasses can be .placed. A convex lens, 
C, placed in front of the eye under observation forma an inverted 
imago of the fundus at b. 

A part of the light coming from this aerial image passes through 
the free portion of the opening of the murror, and enters the eye 
of observer I directly. The other part meeting with the aide of 
the prism is deflected from its course by the surface of the hypothe- 
nuse toward the eye of the second observer II. 

The author, in his description of the instrument, which we 
borrow from the Annals d'Oeulistique (T. Ixvii), Bays that by 
adding a second case to the first, at some millimeters distance from 
it on the opposite side, it is possible to make the instrument avail- 
able for three observers. The principal observer looking through 
the central perforation, or the space between the two cases, while 
each of the other observers looks through an ocular at the end of 
the cases. 

Monoyer* has also carried out this principle, and showed us, in 
1873, the first example of an ophthalmoscope for three observers, 

* Eevae Hfedicale de jVuncy, Feb., 1874. 
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LECTURE XXIV. 



SOURCE OF ILLUMINATION. EXAMINATION BY THK 
OBLIQUE LIGHT. 

Gentlemen: — We have a word more to say in regard to the 
source of Ulumination for ophthalmoscopy. It 13 evident that 
the ideal iliuminaiion ia that of the aun. It ia not only the most 
intense — which, however, ia not always an advantage in ophthal- 
moscopy — but the light ia white, and shows us ohjects in their true 
color. 

We always employ daylight, wherever it is possible, but most 
frequently we are compelled to have recourse to artificial light. 
In order to have daylight at our disposal we make an opening in 
the shutter. The room must he dark and the light entering 
through the opening must be the only light in the room. To 
make an ophthalmoscopic examination the patient is placed with 
his back toward the window, to the right or left of the opening. 
This light, though not ao strong as that of a large lamp, is yet 
sufficiently strong for the examination of the fundus, and possesses 
notable advantages over the artificial light, among them the 
important one which we have mentioned, that we are enabled to 
better distinguish the shades of coloration of the fundus, which 
renders the diagnosis much more precise than when the examina- 
tion is made by artificial light, which ia always red. I cannot too 
strongly recommend to you the employment of daylight in ophthal- 
moscopic examinations. 

It is hardly necessary to say that daylight has the same advan- 
tages in examinations by the oblique light, as with the ophthalmo- 
scope. 
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We can use, aa artificial light, indifferently, gaa, oil or petroleum. 
When gae ia used it is not generally best to turn it on to a foil 
blaze, because then the illumination becomes too intense. The 
flame of an oil lamp is usually the moat convenient source of 
illumination. You must not forget, aa I have said, that artificial 
light gives an orange or reddish tint to all objects illuminated by 
it, which they have not by daylight. It should not be astonUhiag. 
therefore, to find the fundus of a different color, and paler, by 
sunlight, than by artificial light. 

In making an ophthalmoscopic examination we place the lamp 
to the side of and behind tha patient. The less the angle formed 
by the source of illumination and the mirror, the lesa must be the 
inclination of the mirror. This is a great advantage, because the 
illumination is then stronger, and the opening in the mirror 
through which we look is narrowed less, and the visual line is th< 
found nearer the axis of the correcting lena. 

It ia indifferent whether we place the light to the right or 
left of the patient. The mirror must be held lightly and by the 
end of the handle, by the three first fingers of the hand, in order 
to manipulate it as easily as possible. 

We begin always by the examination of the upright image. 
After having thrown the light into the eye, we bring the ophthal- 
moscope as cloae to it as possible without obstructing the light 
the head of the patient. 

We keep the light in tha proper direction by 
pupil, which should appear brightly illuminated. 

We then see the reflection of the mirror on the cornea, and 
the anterior and posterior surfaces of the lens. These reflectio) 
especially the first two, are frequently very annoying, so much 
as to hide the objects which they overlie from ot 

It was for the purpose of doing away with this incoaveniea< 
that Helmholtz employed polarized light ; by giving to his mi 
an inclination of 56 degrees such light is not thrown back (rot 
the refracting surfaces of the eye. 
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In order to avoid the inconveniencea resulting from tlieae reflec- 
tions we simply incline the mirror in such a manner that the 
reflections shall fall to the side of the parts to be examined. 

The field of ophthalmoscopic observation is limited by the edge 
of the pupil. It follows that thia is greater the closer we bring 
our eye to the observed eye, because the closer we approach to it 
the more we increase the angle of vision, the apex of which is in 
oar eye, and whose sides touch the papillary borders. 

It is an indispensable condition for a clear and distinct erect 
image of the fundus, as we have already said, that the eye of the 
examiner be accurately adapted to the eye under examination. 

If we are dealing with emmetropic or hypermetropic eyes, our 
eye must be adapted for parallel or diverging rajra. In such cases 
you must be on your guard not to make too great an effort of 
accommodation. This is a very important point, because at the 
beginning of your ophthalmoscopic practice you will experience a 
tendency to put forth more accommodative power in proportion as 
you see more indistinctly. This is due to the fact that account 
is not taken of the direction in which the rays come from the eye 
under examination. You feel instinctively that as the object is 
situated quite close to your eye you must, in order to see it 
distinctly, bring a strong accommodative power iuto play. You 
forget that the object to be observed is situated behind a lens 
formed by the dioptric media of the eye under examination, and 
that, consequently, the rays coming from it are much leas divergent 
than if looked at with the naked eye. 

If the object is situated at the focus of the lens, as in emme- 
tropia, the rays, in passing out, are parallel, and we must com- 
pletely relax our accommodation ; if it is situated within the 
focus, as in hypermetropia, they paaa out in a divergent manner, 
as if they came from an object situated at a certain distance 
behind the eye under examination, and we do not have need of 
any very considerable effort of accommodation. 
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B are in need even of a concaw 



Finally, in the case of myopia, i 
lens in order to see distinctly. 

We have not, however, always command over our accomnaoda- 
tion, since the ciliary muscle is not a muscle of the striated 
variety. But you will remember that the accommodation is in 
intimate relation with the convergence, and one is nearly always 
proportional to the other. Consequently, if we bring our eyes into 
a fltate of parallelism the convergence and accommodation are both 
abolished at the same time. How, the muscles which preside over 
the direction of the eyes are under the control of the will, and we 
can easily gain a complete mastery over their movements. 

To practice bringing the eyes into a state of parallelism we use 
a prism with its base turned toward the temple. The prism thus 
produces an apparent displacement of objects toward the temporal 
aide, and in order to obtain simple binocular vision the eye covered 
with the prism must be turned outward. By using, therefore, 
stronger and stronger prisms we finally come to a parallel state of 
the visual lines. It is necessary that both eyes fix the sam 
object, and as long as the object is seen single with the two eye« 
they arc properly directed. In case the prism is too strong, that ' 
ia, when the eyes are no longer able to produce the divergence 
, which vision through the prism requires, we will see double^ 
because one of the eyes is no longer directed to the object, aoi 
consequently its image is no longer formed on the macula. Wh^ 
you have once experienced the sensation characteristic of i 
parallel position of the eyes you will soon be able to bring it aboufl 
spontaneously, and thereby relax your accommodation at will. 

After having determined the refraction, we proceed with the 
examination by means of the inverted image, following the mJea 
we have given above. 

The convex lens should be held sufficiently far from the exam 
ined eye for its focus to fall near the plane of the pupil, 
this means the diameter of the pupil is magnified as much as 
possible, and its borders disappear completely from the ophthal- 
moscopic field. 



teof ; 

lam^^H 

eyei^l 

that 

ence 

ible^J 

ao^^H 

he^H 

□ou^^l 

the 
■nJea 

caio*^^! 



EXAMIKATION BY THE OBLIQUE ILLDMISATION. 305 

There is one inconvenience attendijig the inverted image which 
13 not present in the examination by the erect method, and that is 
the double reflection of the hgbt by the convex lens. To remove 
this we have only to slightly incline the lens, and the two reflec- 
tions will disappear in opposite directions, and leave the centre free. 

Beside the convex lens No. 10 or 15, by means of which the 
inverted image is produced, I always look through convex No. 3 
in order to adapt my emmetropic eye to the distance of the in- 
verted image. In this way I accustom my eye to always relax 
its accommodation when making an ophthalmoscopic examination. 

The inverted image, as I have already told you, gives ua a 
general view of the interior of the eye. We should examine the 
fundus in all directions up to its extremest limits, for reasons we 
have already indicated. 

When we have found by the inverted image a diseased part, a 
pathological production, or any alteration whatever in the back- 
ground of the eye, it is well to again have recourse to the erect 
image to appreciate more exactly the nature of the actual or 
suspected alteration, 

EXAMINATION BY MEANS OF THE OBLIQUE ILLUMINATION. 

The inspection of the anterior parts of the eye, by concentrating 
on them, by means of a lens, the light from a lamp or other source 
of illumination, is called the examination by the oblique light. 
We are, by this, able to examine, in turn, the following parts of 
the eye : the cornea, aqueous humor, iris, lens, and anterior por- 
tion of the vitreous humor. 

In making this examination we use a lamp which can be 
advanced or withdrawn, raised or lowered, at will, in order to give 
the light all desired directions. The upper lid of the eye can be 
held gently by the thumb of one hand while the other hand holds 
a convex lena (about 15 or 20 D). 

The light of the lamp concentrated by this lens is thrown on 
the different layers of the cornea, which we can examine very 
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minutely when the lamp is placed at the aide of the patient so aa 
to give to the light a direction tangent to the cornea. We can in 
this way not only make out trifling troablee in this tissue and 
mark their extent and thickness, but can also determine the exact 
depth of the tissue in which they are situated. We can thaa 
estimate the depth of ulcers of the cornea, the form of their bases, 
the development of a hypopyon which, as we have demonstrated 
with Horner,* ia never found in the thickness of the cornea, but 
commences by a deposit of pas on the posterior surface of the 
cornea, and increases and descends little by little into the bottom 
of the anterior chamber. 

In the same manner we distinguish the punctiform opacities 
due to deposits of pus on the membrane of Descemet, so frequent 
in serous iritis. 

We examine the aqueous humor in the same way. 
■ By bringing the lamp a little further forward the iris is illumi- 
nated, and we can examine it throughout its whole extent fay 
making the luminous cone traverse all its partt! from the papillary 
border to the corneal margin. 

In examining the crystalline lens we give to the light a direc- 
tion a little leaa oblique, taking care to illuminate all its layers in 



The lens, even in a normal condition, and especially in old 
people, nearly always presents a diffuse, slightly grayish reflec- 
tion, resembling mother of pearl. This must not be confounded 
with a commencing cataract, since, as we can convince ourselves 
by means of the ophthalmoscope, such lenses are perfectly trans- 
parent. 

Cataract is characterized by alterations of a very marked nature. 
We must determine the part of the lens in which the opacities 
are situated, whether in the capsule or in the anterior cortical 
substance, in the nucleus, or in the posterior cortical substance. 
In order to arrive at a fine diagnosis, it is indispensable to vary 

• Bokowtt, Hypopyon-Kt'ratitia. ThSae ile Zurich, 1871. 
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the direction of the light, by advancing or removing the lamp or 
the head of the patient, and placing it first on one side of him 
and then on the other. 

When we wish to ascertain whether an opacity or foreign body 
13 situated on the anterior or poaierior surface of the lena, we can 
use, with advantage, the following method : Illuminate the eye 
with the mirror, as if for an ophthalmoscopic examination, hold- 
ing it at a sufficient distance from the eye: the opacity will 
appear as a black spot on the illuminated field of the pupil. In 
causing the patient to look upward and downward the black spot 
will retain the same relative position to the papillary border, if the 
opacity ia on the anterior part of the lens. It will, on the con- 
trary, be displaced in a direction opposite to the movement of the 
eye, when it is found on the posterior part. 

A posterior polar cataract will manifeat itself by a reflection 
analogous to that of a concave mirror A simple senile cataract 
presents a greater or less number of black rays at the periphery 
of the lens. To examine the equator of the lens the pupil must 
be dilated with atropine. 

After the lens, we examine the accessible portions of the vitreous 
humor. Floating bodies, crystals of cholesterine, parasites and 
foreign bodies having their seat in the anterior portion of the 
vitreous chamber are easily recognized by means of the oblique 
illumination. We can even sometimes detect a detachment of the 
retina and intraocular tumors. 

As we have already said, by varying the position of the light 
we can give an astonishing precision to our diagnosis, and this 
precision is further increased when a second lens is used to magnify 
the parts illuminated by the first. This lens is held in the hand 
whose little finger supports the upper lid, elevating it a little. 

The examination by means of the oblique light completes the 
liat of methods for examining the eye, which it has been our 
purpose to set forth in these lectures. 
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